BIOLOGICAL BULLETIN 


THE 


Biological 


WOODS HOLE, MASS. 


Gary University. 
University. 


Missouri Botanic Garden. 
University. 


Managing 


LIV. 


WOODS HOLE, MASS. 


JANUARY JUNE, 1928 


4 
4 4 
4 oy 
4 
4 
5 
q 
BE 


LANCASTER PRESS, INC. 
LANCASTER, PA. 


> 


Contents Volume LIV 


No. JANUARY, 1928. 


Physiological Polarity and Dominance the 
Holdfast System 
HALL, RICHARD P., AND Morphology 
and Binary Fission Peranema trichophorum (Ehrbg.) 
with Special Reference Reproduction 


No. FEBRUARY, 1928. 


BECKER, ELERY Streaming and Polarity Mastigina 
Mary Studies the Life Cycles 
Two Species Fresh-Water Mussels Belonging the 
E., AND Karns, The Morphology and 
Physiology the Salamander Thyroid Gland, III...... 
SKOWRON, STANISLAW. The Luminous 
PATTERSON, Functionless Males Two Species 
Neuroterus 


No. 1928. 
PATTERSON, J.T. Sexes the and Male-Producing 
and Female-Producing 
SAYLE, Mary Honora. Factors Influencing the Rate 


iii 


/ SO 4 
I j 
3 
a 
109 
128 
§ ; 
165 
196 
4 
212 
q 
4 


CONTENTS VOLUME LIV. 


CLEVELAND, L.R. Further Observations and Experiments 
the Symbiosis between Termites and Their Intestinal 
Freemartin 
its Function Fundulus heteroclitus 


No. APRIL, 1928. 


Mosaicism and Mutation Habrobracon. 289 

Ovulation the Four-toed salamander 
Hemidactylium scutatum, and the External Features 
Cleavage and Gastrulation 

Fertile Termite Soldiers 

Reactions the Cyprid Larve Bar- 
nacles the Time Attachment 


Cyprid Larve Barnacles Light with Special Reference 
Spectral Colors 


No. May, 1928. 


B.H. the Gametes Cumingia tellinoides. 351 
Fry, Conditions Determining the Origin and Be- 
havior Central Bodies Cytasters Echinarachnius 
A.S. the Ability Certain Marine Invertebrates 
Live Diluted Sea Water 
The Effect the Quantity Culture Medium 
the Division Rate Oxytricha 
MANWELL, REGINALD Conjugation, Division, and En- 
cystment Pleurotricha lanceolata 


No. JUNE, 1928. 


BELLING, Nodes and Chiasmas the Bivalents 
Lilium with Regard Segmental Interchange 


465 
q 
] 


CONTENTS VOLUME LIV. 
Mary Stuart. The Neuromotor Apparatus 
JAMES BURDINE. Observations the Food Reactions 


The Honey-Gathering Habits Polistes Wasps. 503 
*Endodermal Flagella Hydra oligactis 


KEPNER, A., AND MILLER, LuLu. New Histological 
Region Hydra oligactis 524 

KEPNER, A., AND L., Jr. 
Features Correlated with Gas Secretion Hydra oligactis 


Epna. The Light-Receptive Organs Certain 


x 


4 
i 
| 
4 
| 
| q 
| 3 
| 
4 th 
3 


= 


+ 
| 


Vol. LIV January, 1928 


BIOLOGICAL BULLETIN 


EXPERIMENTAL TRANSFORMATIONS BIPOLAR 
FORMS CORYMORPHA PALMA. 


CHILD, 


has been shown earlier papers that the localization and de- 
velopment basal end the reconstitution stem pieces 
Corymorpha may determined the dominance more distal 
parts (Child, ’26b, contact with nearness the bot- 
tom: (Child, ’26b, ’27a, and the inhibiting action various 
agents (Child, normal development the base arises 
from the low end the primary gradient (Child, ’26a), region 
relatively low metabolism, but contact with, nearness the 
bottom and various inhibiting agents, both acting together, may 
determine basal ends anywhere, even mosaic parts other 
body regions (Child, these external factors in- 
duce physiological conditions similar those which arise em- 
bryonic development the low end the primary gradient. 
The present paper gives the results few experiments the 
transformation bipolar forms resulting from reconstitution into 
other forms, its purpose being merely record the occurrence 
such transformations under certain experimental conditions. All 
figures are drawn from observed and recorded cases. Regions 
inclosed are indicated heavier line than naked re- 
gions and perisarcal accumulations not direct contact with the 
body surface are indicated dotting. Except case the 
very small individuals, the figures are diagrammatic regards 
numbers tentacles. 


TRANSFORMATION BIPOLAR INTO BIPOLAR-UNIPOLAR 


Bipolar forms are those which hydranth develops from 
both distal and proximal end stem piece. shown else- 
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where (Child, bipolar forms may range from extreme apical 
ends including merely mouth and hypostome complete hy- 
dranths with considerable length stem between them. Bi- 


Fics. 1-6. Bipolar and bipolar-unipolar forms resulting from reconstitu- 
tion stem pieces. 


polar forms the sort used these experiments are shown 
considerable length stem between the two hydranths, such 
ordinarily develops from the longer stem pieces. Fig. shows 
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EXPERIMENTAL TRANSFORMATION CORYMORPHA. 


bipolar form from shorter piece, consisting hydranths only. 
Bipolar-unipolar forms (see Child, are bipolar distally and 
unipolar proximally (Figs. 4-6). The two hydranths develop 
from the two cut ends the piece, the unipolar proximal region 
from the lateral stem region between the hydranths. The proxi- 
mal region represents new polarity right angles the original. 

means inhibiting conditions possible transform 
bipolar forms such Figs. 1-3 into bipolar-unipolar forms like 
Figs. 4-6, although the bipolar forms never develop unipolar 
proximal region long they are kept under good conditions 
Extensive experimentation along this line has not been under- 
taken, but several agents have been used, viz., alcohol, two and 
three per NH,Cl m/300 and ethyl urethane m/300 and 
and case one lot pieces sea water which had stood 
for some hours new galvanized bucket was found very effec- 
tive inhibiting agent. The same transformations appeared 
all agents used. The bipolar forms were placed the agent 
earlier (Fig. later stages (Figs. development, but 
only after was certain that they were developing symmetrical 
bipolar forms. 

most cases they remained the agent one two days and 
were then returned sea water. One series, however, remained 
alcohol two per cent. for twelve days, the solution being re- 
newed daily. During exposure the agent the tentacles are usu- 
ally reduced mere stumps disappear entirely, the distal re- 
gions most cases disintegrating and the stumps undergoing re- 
sorption. Hydranths and the stem present, undergo marked 
reduction size, particularly the longer exposure periods and 
some cases the manubrium one both hydranths may show 
some disintegration. return water the pieces remain undis- 
turbed for two days more and during this time redevelopment 
hydranths and tentacles takes place. the degree inhibi- 
tion not too extreme the basal region may develop during ex- 
posure the agent, otherwise develops after return water. 

Fig. shows the transformation bipolar form like Fig. 
after alcohol two per cent. for one day, then alcohol three per 
cent. for second day. The figure represents stage three days 
after return water. proximal stem region and basal end have 
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developed from what was originally the lateral stem region between 
the hydranths. similar case shown Fig. This form, 
originally bipolar like Fig. but somewhat shorter, was NH,CL 
m/300 one day then sea water two days. this time rede- 
velopment tentacles and development the new base were not 
far advanced, Fig. indicates. Fig. was transformed from 
piece like Fig. after forty hours alcohol two per cent. followed 
two days sea water. this series the pieces were subjected 
inhibition relatively early stage the bipolar development 
and the new basal end was larger all than when later stages 
were used. 

cases which the degree inhibition somewhat greater, 
either because higher individual susceptibility because 
higher concentration longer exposure the agent, modification 
form may more extreme. the case Fig. 10, for ex- 
ample the piece was originally bipolar like Fig. but somewhat 
shorter. was subjected alcohol two per cent. for one day, 
then alcohol three per cent. for second day and then remained 
three days sea water. Fig. shows, the proximal regions 
the two hydranths have undergone fusion and instead the 
two complete sets proximal tentacles originally present, only 
one set now appears. this case there has been not only reor- 
ganization the lateral stem region into base, but extensive 
reorganization the hydranths has also occurred. Other similar 
cases have been observed.” 

Figs. and show two stages the transformation the 
toxic sea water. The form was originally bipolar like Fig. 
but under the inhibiting conditions developed the basal region 
with holdfast outgrowths within twenty-four hours the part 
contact with the bottom. The basal region continued grow 
the expense other parts and after four days the condition 
shown Fig. was attained. This case was not observed 
further, but forms this sort usually separate sooner later 
into two individuals, the separation occurring through the gradual 
atrophy some portion the connecting basal region. The re- 
gion undergoing atrophy apparently becomes sort no-man’s- 
land between the two individuals and its cells may one time 
influenced one, another time the other and perhaps some- 
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EXPERIMENTAL TRANSFORMATION CORYMORPHA. 


times neither. This absence definite function probably 
determines the atrophy. 

The case shown Fig. 13, originally bipolar like Fig. was 
alcohol two per cent. for twelve days. During this time de- 
creased greatly size, largely because disappearance the 
axial parenchyma, the tentacles disappeared completely and the 
form the hydranths approached that early developmental 


Fics. 7-13. Bipolar-unipolar forms transformed from bipolar forms 
inhibiting conditions. 


stages. After return water redevelopment the two hy- 
dranths began and basal tip developed from the side the stem 
contact, underwent elongation and became disproportionately 
large the expense other parts. Fig. shows the condition 
seven days after return water. will noted that the hy- 
dranth the left appears more inhibited than the other. 
will appear below, the two hydranths bipolar form often 
show considerable difference susceptibility. 


TRANSFORMATION BIPOLAR INTO UNIFOLAR 


The first experiments subjection bipolar forms inhibit- 
ing conditions were performed 1910 and was found that some 


“| 
| 
| 
q 
| 
q 
| 


q 
q 


CHILD. 


bipolar forms after several days under inhibiting conditions re- 
developed completely unipolar forms. Work had dis- 
continued before much experiment along this line was possible, 
but the observations made the changes occurring during the 
inhibition period showed some cases complete disappearance 


Fics. 14-23. Development unipolar from forms determined 
inhibiting conditions. Figs. 14, 15. Apparent obliteration both 
original polarities inhibiting conditions and determination new.single 
polarity the differential position. Figs. 16-18. Unipolar from bipolar 
forms death one and persistence other axis. Fig. 19. Equal re- 
gression under inhibiting conditions both hydranths bipolar form: 
the hypostome regions indicated dotted areas. Fig. 20. Death and 
disintegration under inhibiting conditions one axis bipolar form 
with persistence other. Fig. 21. form process becoming uni- 
polar death most one axis and development base from lateral 
stem region. Figs. 22, 23. Unipolar forms from small fragments 


bipolar forms which remained while rest was killed inhibiting con- 
ditions. 


the more highly specialized structures and the gradual regression 
the form rounded mass, usually more less completely 
inclosed perisarcal secretion (Fig. 14). After return water 
single apical region developed the upper surface this mass 
and complete new axis vertical the substratum resulted (Fig. 
15). Such cases were believed represent the obliteration 
the double polarity the bipolar form and the determination 
new polarity the differential position, the differential 
between the upper free surface and the surface contact with 
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the bottom which supposedly determines difference rate 
oxygen consumption and discharge CO, and initiates new 
gradient (Child, case this sort was described and 
figured (Child, ’15, pp. 144-6, Figs. 75-78; 119 and Figs. 
was also noted 1910 that some the bipolar 
forms became unipolar during the inhibition period. This uni- 
polarity was observed only after the pieces had undergone con- 
siderable reduction and was indicated merely the somewhat 
elongated form tapering toward one end and accumulation 
perisarc the slender end (Figs. 16, 17). With long periods 
inhibition, e.g., from twelve days three weeks, such unipolar 
forms, whether derived from bipolar forms from the reduction 
unipolar forms, might undergo reduction length less 
than one millimeter and still give rise normal individuals after 
return water (Fig. 18). 

the next opportunity 1922 continue these experiments 
the tank water the laboratory was apparently somewhat toxic 
and there was difficulty keeping material good condition long 
enough for such experiments, consequently further informa- 
tion these transformations was obtained that time. 1924 
and 1926 experiments were made with water taken direct from the 
ocean and was found that some bipolar forms, more commonly 
the shorter, underwent regression without actual disintegration 
any parts except the two sets tentacles. Fig. shows case 
this sort which the two hypostome regions are still distin- 
guishable their whitish color the two ends the piece. They 
are indicated the figure dotted areas. pieces returned 
water this stage redevelopment the two hydranths with new 
base between them occurred. When the inhibition was continued 
all indications the original axes disappeared, although the diam- 
eter the mass might greater the direction the original 


axes. Such masses may give rise unipolar forms after return 


water and the polarity such cases appears new and de- 
termined the differential position. But 1924 and 1926 
was also found more frequent observation the material 
that one axis bipolar form often more susceptible than the 
other and with sufficient degree inhibition disintegrates, 
while the other remains alive (Fig. 20). The axis that remains 
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alive may undergo regression condition like Figs. and 
and such cases the polarity one the two polarities the 
bipolar form, when forms like Figs. and result from the 
reduction whole stems other unipolar forms, the original 
polarity. cases the bipolar form becomes unipolar through 
the death one axis, rather than the obliteration the two 
original polarities and the determination single new polarity. 
Even such cases, however, there much reorganization. The 
hydranth appearing after return water not only absolutely 
but relatively very much smaller and has much smaller number 
tentacles than the original and the stem and base may develop 
from regions that were originally part the hydranth. 

The occurrence this method change from bipolar 
unipolar condition beyond question. not properly speak- 
ing, transformation, but merely persistence axis. Since 
does occur, the question must raised whether the apparent 
transformation obliteration the old axes and determination 
single new axis may not actually merely the persistence 
one the axes. With respect this point may noted, 
first, that all cases disintegration one axis which have been 
observed the disintegration occurs early, before the hydranth has 
lost its form, and second, that both axes have been identified 
other pieces after the form the hydranth was indistinguishable 
and the only indication the original axes which was externally 
visible was the hypostome regions which differed from the rest 
color (Fig. 19). disintegration has been seen such cases 
any later stage and some them certainly give rise single 
new polarities. all appearances this single polarity new and 
determined after obliteration the old axes these forms, but 
the absence landmarks after regression the hydranths 
difficult entirely certain what happens cases this 
sort. hoped that there may opportunity for further work 
the future. 

the light the data concerning the origin new polarities 
stem pieces (Child, there reason doubt the 
possibility obliteration old and determination new polari- 
ties bipolar forms, particularly some stem present between 
the hydranths. Moreover the fusion hydranths, their reorgani- 


* q 


EXPERIMENTAL TRANSFORMATION CORYMORPHA. 


zation after regression and the development basal ends from 
parts the hydranth body-under experimental conditions indicate 
that least the more proximal levels the hydranth possess 
considerable capacity for giving rise other parts, particularly 
after some degree regression. 

Figs. 14-18 and 20-23 show observed cases unipolar forms 
which developed from bipolar forms after subjection inhibiting 
conditions. Figs. and (twelve days two per cent. 
alcohol) the single polarity believed new. Figs. 16, 
and 18, also twelve days alcohol, the polarity almost cer- 
tainly one the original polarities, but has developed proximal 
and basal regions the expense more distal parts. Fig. 
shows equal regression both axes, already noted and Fig. 
shows case disintegration one axis and persistence the 
other. Fig. 21, bipolar form two days water after forty 
hours alcohol two per cent., almost completely unipolar, but 
has protuberance one side, which represents the last traces 
the other polarity and which later disappears. this case the 
basal region has developed from the side the piece, the 
bipolar-unipolar forms. That is, the unipolar condition has re- 
sulted from the death the more distal regions one axis and 
resorption the remainder and the development proximal 
region and base from the side the stem. The unipolar form 
Fig. developed from bipolar form forty-six hours al- 
cohol. When returned water the piece was less than one mil- 
limeter diameter and almost spherical and showed trace 
polarity. Three days later had attained the stage shown Fig. 
22. Undoubtedly most the original bipolar form had died, 
but was impossible determine what part the form the small 
mass represented, though there little doubt that represented 
the less susceptible proximal region. The persistence such 
minute fragments after death the rest the piece common 
occurrence under inhibiting condition and all observed cases, 
whether they arose from bipolar forms from stem pieces these 
masses develop, they develop all, unipolar forms, the po- 
larity apparently being determined the differential position. 
Fig. shows another minute form which developed from bipolar 
form after twenty-four hours exposure m/300 and two 
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days water. Here also large part the original form disin- 
tegrated, but this case polarity was evident the end the 
inhibition period, the form the minute piece being similar 
that Fig. 16. this case the final polarity undoubtedly repre- 
sents one the original polarities the bipolar form, but com- 
pletely reorganized. 

sum up: the development unipolar from bipolar forms 
all visible traces the original polarities may disappear, regression 
rounded mass more less completely inclosed perisarc may 
occur and the axis the unipolar form appears new gradi- 
ent determined the differential position. other cases one 
the axes the bipolar form may die and disintegrate under the 
inhibiting conditions while the other, some part remains 
alive. such cases polarity usually visible, least the 
form the piece, all stages and the final single polarity corre- 
sponds direction with this polarity, though represents exten- 
sive reorganization. 


The numbers cases these transformation experiments are 
not large. Among forty bipolar forms resulting from reconstitu- 
tion, subjected inhibiting conditions sixteen (forty per cent.) 
transformed into bipolar-unipolar forms, ten (twenty-five per 
cent.) became unipolar, six (fifteen per cent.) remained bipolar and 
eight (twenty per cent.) died. This does not include preliminary 
experiments determine proper concentrations nor experiments 
which all pieces died. Numerous controls water under good 
conditions have not shown such transformations any case. The 
chief purpose thus far has been establish the fact these trans- 
formations rather than determine their frequency. regards 
the transformation bipolar into bipolar-unipolar forms the 
data are clear and conclusive, but regards the question oblit- 
eration both the original polarities and determination new 
single polarity one method the origin unipolar from bipolar 
forms there less complete certainty. The course events 
the cases recorded indicates that the two original axes are obliter- 
ated unless one resorbs the other after all visible traces both 
have disappeared, but they are much alike physiologically 
that they undergo regression equally highly improbable that 
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one sufficiently different from the other resorb it. With- 
out resorption death one axis, there seems escape 
from the conclusion that the two original axes are obliterated and 
new one determined. That the original single polarity may 
obliterated has been shown elsewhere (Child, and since 
this possible there can little doubt.as the possibility 
obliteration the double polarity bipolar forms. 

The question how the inhibiting conditions transform bipolar 
into bipolar-unipolar forms answered very simply from the 
gradient standpoint. middle region the bipolar form 
where the two polarities meet represents the lowest physiological 
level present. The inhibiting conditions lower all levels some 
extent and may bring the middle region the level which 
basal region arises. has already been noted that pieces from the 
naked stem region commonly secrete more less perisarc under 
inhibiting conditions and may become completely inclosed 
(Child, Under normal conditions bipolar forms show al- 
most continuous motor activity, elongation and contraction the 
stem and movements hydranth body and tentacles, consequently 
one region continuously contact with the bottom. During 
the inhibition period, however, and for the first day two after 
return water there little motor activity and one side 
the piece may continuously contact with the bottom. The 
effectiveness contact and nearness the bottom determining 
basal ends has been shown many other experiments (Child, 
b). the cases under consideration the inhibiting 
effect contact and that the inhibiting agent are additive and 
the position the new basal region one one side the stem may 
resultant the two factors the effect either alone. The 
important point that inhibition the middle region the bi- 
polar form, whether chemical agents contact with the 
bottom the combined action both may determine basal 
region there. 

Torrey found that the development basal region from 
lateral stem region might determined the more distal levels 
the axes already present and without the action external 
factors, other words, under the dominance the higher levels 
the gradients. the experiments with inhibiting agents, how- 
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ever, the dominance the more distal levels undoubtedly de- 
creased, consequently cannot significant factor determin- 
ing the basal region these cases. This dominance does serve 
determine the middle region the lowest physiological level 
the bipolar form, but the inhibiting action the agent 
contact the two combined required lower still further 
the level which the development basal end becomes pos- 
sible. 

The more proximal levels and the basal end these bipolar- 
unipolar transformations usually attain finally relatively larger 
size than under normal conditions. Under all inhibiting conditions 
used similar change proportion from the normal has been 
observed. This result the differential susceptibility 
different levels the axis. The most active apical regions are 
more inhibited than the less active proximal and basal regions, 
consequently the latter are able obtain proportionally larger 
share the available nutrition even grow the expense 
more distal levels and become relatively larger than the 
normal animals. 

The probable transformation bipolar into unipolar forms 
obliteration the two original polarities and determination 
single new polarity also easily accounted for terms the 
gradient. Obliteration the original polarities the inhibiting 
agents consequence differential susceptibility different 
levels the gradient. The higher levels being more susceptible 
are more inhibited than the lower and with certain degrees 
inhibition the normal differences different levels may greatly 
decreased completely obliterated, far any appreciable ef- 
fect concerned. the cases transformation this obliteration 
accompanied regression, involving complete disappearance 
the more specialized parts. Under these conditions the differ- 
ential position may effective determining new polarity, 
the upper, freely exposed portion becoming apical, the region 
contact near the bottom basal, other cases obliteration 
old and determination new polarity the differential ex- 
posure (Child, ’27a). 

The development unipolar from bipolar forms the death 
one axis and persistence the other not, strictly speaking, 
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axial transformation, but merely persistence axis. The 
inhibiting conditions kill one axis and not the other because one 
more susceptible than the other. cases this sort which 
has been possible distinguish distal and proximal axes 
bipolar form, the distal axis has been found the more susceptible, 
might expected from its development higher level 
the original gradient the stem than the proximal. This differ- 
ence physiological condition the two axes interest 
indicating that even though one them, the proximal, represents 
reversal the original polarity still retains traces its origin 
from lower gradient level than the distal axis. Such difference 
susceptibility the two axes usually found the longer 
bipolar forms which the difference level stem which the 
two polarities develop considerable. the shorter forms with 
little stem between the two hydranths (Fig. there may 
appreciable difference susceptibility between the two hy- 
dranths and both axes may undergo regression equally (Fig. 19). 

Persistence one the two axes evidently means that some 
difference condition persists the original direction the 
gradient. The reorganization which usually occurs with develop- 
ment hydranth much smaller than the original and basal 
region consists development stem and basal end from what 
was some cases originally the proximal part the hydranth. 
Apparently the higher levels the gradient are lowered the in- 
hibiting conditions more than the lower levels that apical regions 
are relatively smaller, proximal and basal regions relatively larger 
than under normal conditions. This again consequence the 
differential susceptibility the different levels the gradient. 

The interpretation the experimental data terms gradi- 
ents simple and complete agreement with the results 
various other lines experimentation both Corymorpha and 
other forms. The existence the gradients has been demon- 
strated many different methods and the differential suscepti- 
bility different levels has been proved beyond doubt, both 
differences survival time and differential modification 
development with many different agents. other interpretation 
has broad experimental basis this. 
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SUMMARY. 


Bipolar forms resulting from reconstitution stem pieces 
Corymorpha palma can transformed into bipolar-unipolar 
forms subjection inhibiting conditions for various lengths 
time. The transformation consists development basal 
end from the lateral stem region between the hydranths. 

The development the base may result from the action 
the inhibiting agent lowering the physiological level the re- 
gion concerned the level which base development initiated 
and the more intimate and continuous contact with the bottom 
consequence decreased motor activity under inhibiting condi- 
tions may act the same direction and contribute the result. 

Bipolar forms may become unipolar the death the parts 
representing one axis because higher susceptibility. such 
cases extensive reorganization along the persisting axis occurs. 

believed that inhibiting conditions may bring about 
transformation bipolar into unipolar forms obliteration 
the two original polarities through differential susceptibility and 
the determination single new polarity the differential 
position. 
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THE HOLDFAST SYSTEM CORYMORPHA. 
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Corymorpha palma found tidal flats and anchors itself 
the substratum soft mud fine sand means large num- 
ber filamentous, stolon-like structures covered with delicate 
perisarc, which extend from the basal region the hydroid and 
serve holdfasts. Torrey has described the 
structure, the embryonic and reconstitutional development and 
some the reactions these holdfasts, viz., their extremely rapid 
elongation, the activity their tips, their positive geo- 
tropic reaction and the ability actively developing holdfasts 
inhibit the development others distal them. 

The holdfasts are much more slender than the usual hydroid 
stolon, being only about 0.1 mm. diameter the tip which 
the region greatest diameter except early stages, but they are 
similar other hydroid stolons appearance and development. 
Apparently, however, they are somewhat more specialized than 
the ordinary stolon for, far they not transform 
into, give rise hydranth-stem axes when isolated from the 
parent stem, but always remain holdfasts. they really lack the 
capacity give rise hydranth-stem axes they should, strictly 
speaking, designated holdfasts rather than stolons. Nev- 
ertheless seems evident that they represent merely specialized 
form stolonic axis. Each holdfast evidently represents 
physiological axis and possesses definite polarity which appears 
its form, the manner its development and its final exhaustion. 
Moreover, the holdfast system the individual hydroid shows 
certain definite relations the polarity the whole, both its 
origin and the relations its members. The present paper 
primarily concerned with those aspects holdfast life which are 
related physiological polarity, viz., the manifestations polarity 
the individual holdfast and the relations the holdfast system 
to, the polarity the whole animal. 
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The Gradient the holdfast originates 
bud the basal region the hydroid and develops axis with 
growing tip. Like other buds, arises localized region 
cellular activity which decreases intensity from central region 
peripherally. As. the holdfast develops the most active region 
necessarily becomes the tip and the radial gradient activity 
which constitutes the first step the development becomes 
axial gradient with its high end the tip. The existence this 
gradient from the earliest localization the holdfast bud has 
been demonstrated its differential susceptibility various 
agents, differential vital staining, differential reduction 
vital dyes and and the differential the indophenol 
reaction. All the methods used agree showing that the tip 
the holdfast the high end the gradient. The results obtained 
the animal whole with these various methods have been 
described earlier paper (Child, ’26a) and since all methods 
agree regards the holdfast, seems unnecessary give the 
data detail. Moreover, the gradient obvious the general 
behavior the holdfast. may noted, however, that the 
various agents penetrate the very perisarc almost once and 
with those agents which afford means following the penetra- 
tion directly staining found that the older farther 
from the holdfast tip usually penetrated before that the tip. 
Evidently the very conspicuous gradient the holdfast cannot 
ascribed differences permeability the perisarc. 

The holdfast bud primordium may persist for long time 
without appreciable growth beneath the perisarc the stem, but 
remains capable very rapid outgrowth when conditions permit. 
bud usually tapers slightly toward the tip, but when out- 
growth begins its diameter for time about the same throughout 
its length. With further outgrowth and particularly after comes 
into contact with the substratum, the tip retains its diameter, 
the diameter may appear increase somewhat because flatten- 
ing the tip the substratum, but proximal the tip the diam- 
eter gradually decreases until the proximal portions the longer 
holdfasts are extremely slender threads. This decrease diam- 
eter the result gradual atrophy the cells the more 
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POLARITY HOLDFASTS CORYMORPHA. 


proximal regions the elongating holdfast until there nothing 
left except the tube very delicate perisarc secreted the hold- 
fast elongates and within traces cellular debris. Figs. 
and show various stages the development holdfasts. 
these and all following figures indicated heavy line. 


Fics. AND Activation and outgrowth holdfasts. Fig. proximal 
cut end stem piece 1/2 hours after section, showing activation and 
outgrowth holdfasts from very early bud stages present before section. 
Fig. proximal cut end hours after section, showing stage de- 
velopment second set holdfasts hours after removal first set. 


new zone holdfast buds has begun develop short distance distal 
the active holdfasts. 


Atrophy the more proximal levels characteristic the true 
stolons other hydroids (Child, well these holdfasts, 
another fact which indicates the physiological similarity true 
stolon and holdfast. was pointed out the paper just referred 
that this atrophy clearly consequence the gradient the 
stolon. While the outgrowth short all parts obtain nutrition 
from the hydroid body, but appears that after certain length 
attained this longer possible and from this stage the 
outgrowth gradually undergoing starvation and reduction. Very 
generally, not always, the starvation the simpler animals 
the parts which are most continuously and most intensely active 
decrease size less rapidly than the less active because they are 
able live and more nearly maintain themselves the expense 
the less active. Microscopic examination the cells the 
longer holdfasts shows that those near the tip appear 
good condition while evidences inanition increase with in- 


creasing distance from the tip. Toward the proximal end the 
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cells become more transparent and the holdfast has decreased 
diameter more than the perisarc that only strands proto- 
plasm here and there are contact with the perisarc. Finally 
greater less distance from the tip nothing remains within 
the but few granules. The transition from the region 
good condition the tip that complete atrophy usually 
very gradual, indicated Fig. but occasionally rather 
abrupt, particularly the earlier stages the atrophy (Fig. 4). 
The methods used demonstrate the gradient indicate that such 
differences are due individual differences length and slope 
the gradient the holdfast and such differences are undoubtedly 
associated with differences physiological condition and rate 
elongation the different holdfasts. 

The holdfast, like the stolon other hydroids obviously 
gradient which the characteristic process, least the earlier 
stages, continued growth the tip. growth gradient 
also similar rhizoids, roots and various forms hairs 
plants and differs from the chief plant axis only its inability 
give rise buds. 

The Motor Activity the growing rapidly 
from the cut end stem Figs. and often show slight 
motor activity before they come into contact with the substratum. 
Their movement consists bending various directions and 
some cases slight contraction and extension are observed. All 
such movements are slow, much siower than tentacle movements. 
Motor response holdfasts direct external stimulation has not 
been tested. 

soon the holdfast comes into contact with the substratum 
adheres and further motor activity limited the tip. 
nature the holdfasts burrow through the mud, but glass contain- 
ers the laboratory elongation after contact takes place along the 
surface the substratum. (Torrey, has noted that the 
elongating holdfast positively geotropic. After attachment, 
however, the holdfast tip often shows more less ac- 
tivity, Torrey 416) has also noted. Elongated pseudo- 
podia have not been observed, but the distal region may undergo 
change shape, the activity decreasing from the tip proximally. 
Fig. shows series outline drawings holdfast tip in- 
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tervals one two minutes and serves indicate the character 
and range activity observed. general this activity 
has seemed greater holdfast tips farther away from the 
stem, rather than the earlier stages outgrowth, but cannot 
positively asserted that this the general rule. Occasionally 
the extreme tip has been seen undergo slight retraction, 
0.07 mm., followed after minute two renewed advance. 
far observed, the activity occurs chiefly the ex- 
treme tip and decreases rapidly the proximal direction and 
distance 0.3-0.5 mm. from the tip longer visible. 


Fics. 3-9. Individual holdfast tips. The shrunken appearance the 
proximal regions indicated dotted lines inside the heavy 
lines indicating perisarc. Fig. holdfast which has covered distance 
7-8 mm., showing gradual decrease diameter and increase degree 
atrophy proximal direction. Fig. holdfast which has progressed 7-8 
mm., showing rather abrupt decrease diameter and increase degree 
atrophy. Fig. series outlines holdfast tip sketched intervals 
minutes show the change form. Fig. holdfast 
which has covered mm. Fig. holdfast which has covered mm. 
and approaching exhaustion. Fig. earlier, and Fig. later stage 
completely isolated holdfast. 


The Later Stages Holdfast the hold- 
fast attains certain length which varies different holdfasts, the 
atrophy the more proximal regions brings about complete separ- 
ation the distal portion the from the hydroid stem. 
The begining this atrophy usually becomes evident the de- 
crease diameter the proximal region when the holdfast has 
attained length 2-3 mm. (Fig. and the time has 
reached length 4-8 mm. the living its distal end 
apparently completely separated from the parent stem, the 
perisarcal tube being the only connection (see Figs. 12, 13). 

Advance the tip does not cease when this isolation occurs. 
The more proximal portions evidently serve nutrition for the 
distal parts and the progress the tip with the secretion peri- 
continues with gradual decrease length and diameter the 
until finally exhaustion occurs. Figs. illustrate 
the decrease size the tip. Figs. and represent the distal 
portions holdfasts which have grown distance mm. 
from the stem, Fig. distal end mm. and Fig. another 
mm. from the stem and almost exhausted. Advance does not 
continue much beyond the stage Fig. the gradi- 
ent differences this stage are longer great enough the 
small fraction the original gradient which remains that the 
tip can maintain itself and continue advance the expense 
lower levels, the degree starvation has become almost 
great the tip elsewhere. After its advance ceases the tip 
may continue live and decrease size still further for least 
week, perhaps more. 

That the continued advance the tip entirely independent 
connection with the parent hydroid evident from the fact that 
not all affected physical isolation the tip from the 
hydroid. Fig. represents holdfast from which the perisarcal 
tube connecting with the parent stem has been cut away. This 
tip continued advance, secreting the perisarcal tube exactly 
connected with the stem. Fig. shows later stage, approaching 
exhaustion. When stem removed after giving rise hold- 
fasts the latter remain attached the substratum and continue 
advance until they are exhausted. 

this continued advance the tip after complete isolation 
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from the hydroid the holdfast also resembles the true stolon 
other hydroids (Child, both the advance continues long 
after physiological connection with the hydroid stem lost and 
until the ccenosare reduced small fraction its original 
size. when the advance ceases the cells the tip are visibly 
better condition than those lower levels. 

the laboratory holdfasts have been observed advance over 
distance cm. before exhaustion and the binding the 
mud about the base the hydroid nature indicates that under 
natural conditions they may cover somewhat greater distance 
than this. 

Torrey 416, pp. 277-8) regards advance the 
holdfast tip due primarily activity the tip which 
stretches the holdfast. states, however, that when stems are 
suspended free water the holdfasts extend all directions. 
cut stems also the holdfasts elongate very rapidly before they 
come into contact with the substratum all (Figs. and 2). 
Such elongation when the tip not contact certainly cannot 
due amceboid activity for the tip cannot exert tension. More- 
over, the volume the holdfast increases very rapidly 
and very greatly during the earlier stages. And finally, the prog- 
ress the tip not necessarily straight line, but the direction 
may undergo frequent change, even smooth glass that 
the perisarcal tube sinuous forms circle spiral (see 
Figs. and 13). any actual stretching occurs must take 
place only very near the tip and must very soon reach limit for 
the perisarc not torn away from the substratum and straightened 
and the not left behind. seems certain that least 
the earlier stages holdfast elongation are not due merely the 
activity the tip. all appearances extensive growth 
occurs, although conceivable that cells migrate from the 
parent stem into the holdfast. such migration, how- 
ever, lacking. 

what extent the later advance the holdfast tip after iso- 
lation its from that the parent stem may due 
activity and what extent actual growth the tip 
the expense more proximal levels less readily determined. 
The appearance the cells the tip suggests continued growth, 
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but the very rapid advance suggests activity. The peri- 
sarc certainly continuously secreted the tip advances, rather 
than elongated stretching. The planula Corymorpha often 
progresses for some distance over the substratum leaving delicate 
perisarcal tube behind travels (Child, that case 
the advance evidently due motor activity rather than growth. 
seems improbable, however, that the holdfast changes completely 
its activity from growth activity after comes into 
contact with the substratum. activity has been observed 
tips which are approaching exhaustion and have almost ceased 
advance. the light all the facts seems probable that 
more less growth the tip the expense proximal levels 
does occur even after isolation from the stem, although 
activity may play part the advance the tip later stages. 

The continued advance the tip until exhaustion occurs and 
its maintenance good condition the expense more proximal 
regions with progressive atrophy the proximal parts and the 
activity the tip are evidently all expressions the 
physiological gradient characteristic the holdfast. fact, 
does not seem possible account for its behavior except terms 
gradient. Moreover, the gradient accounts adequately and 
entirely for all the phenomena polarity which the holdfast ex- 
hibits. 

The Rate Advance the advance the 
holdfast rapid that with low magnification and ocular 
micrometer the advance from minute minute can directly 
observed. Different holdfasts show different rates advance, 
but general the rate decreases very greatly the later stages 
and advance finally ceases. The following table gives few char- 
acteristic measurements the rate advance. Nos. I., and 
III. are the three longest holdfasts Fig. measured stage 
few minutes later than that represented the figure, about 
three hours after section the stem and activation the hold- 
fasts. These early stages were elongating the rate mil- 
limeter seventeen twenty-two and one half minutes, the high- 
est rates observed. Nos. IV., and VI. are holdfasts twenty- 
four hours old, growing from intact base after removal the 
original holdfasts. these the rates advance are much slower 
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TABLE 


Time 
Minutes and 
Distance 
Tip from 
over 
Parent Stem 
Micrometer 
Mm. Divisi 
ivisions 
(0.33 mm.) 
Holdfasts from cut end stem hrs. after 
6:40 
5:40 
Holdfasts hrs. old from intact basal end 
after removal original holdfasts........ 


and will observed that they decrease marked extent with 
increasing length the holdfast.. These three cases are the three 
holdfasts Figs. and the stages figured. Fig. No. 
VI. the table, was approaching exhaustion the time meas- 
urement and its rate advance only about one eighth that 
No. number other measurements made all fall within the 
extremes the table. Torrey mentions rate nine 
micra per minute one case; this would equal 0.33 mm. more 
than thirty-three minutes, rate much slower than those the 
earlier stages the table. Elsewhere (Torrey, mentions 
rate mm. per day which almost midway between the 
rates Nos. and VI. the table. The rates Table are 
all from holdfasts contact with the substratum. The rates 
the earlier stages seem high for growth process, but rates ap- 
proaching these are found holdfasts which are not yet contact 
with the substratum. Fig. for example, shows basal cut end 
1/2 hours after the cut was made. Before the section only very 
early holdfast primordia were present but within the short time 
following section some holdfasts attained length mm. be- 
fore their tips came into contact with the substratum. Most 
the length mm. was covered during the last half hour the 
period. Except for possible migration cells from the stem 
into the holdfast this elongation appears due growth and 


4 
; 
q 


CHILD. 


the rate elongation nearly high some the holdfasts 
after contact. The holdfast appears primarily growth 
gradient with activity its tip. 


DoMINANCE AND PHYSIOLOGICAL ISOLATION THE ORIGIN AND 
DEVELOPMENT THE SYSTEM. 


later stages the hydroid development the holdfast buds 
arise regular order along the entodermal canals the basal re- 
gion and show their origin and development certain definite 
relations the polarity the whole animal and each other. 

Early Normal Development.—The first holdfasts arise minute 
buds near the basal end the perisarcal region the young 
hydroid, but they appear only after the young hydroid has become 
attached its perisarc and they remain minute buds under the 
perisarc for some time after their appearance. Under good con- 
ditions the first holdfasts appear only when the has at- 
tained the stage shown Fig. and often not until still later. 
general holdfast development begins near the basal end 
and progresses distally from it, but the early holdfasts are more 
less irregularly scattered position. vigorous, actively grow- 
ing young animals the holdfast buds not grow out through the 
the stem once after their formation, but develop very 
slowly for time, remaining buds and not beginning active out- 
growth until the animal attains considerable length. During this 
earlier stage they are merely primordia holdfasts and play 
part attaching the animal unless they happen terminal. 
This very slow development until the animal attains certain 
length suggests that the holdfast buds, like the stolons other hy- 
droids are inhibited development apical regions until the in- 
crease length body brings about certain degree physio- 
logical isolation. 

Premature Development Holdfasts under Inhibiting Con- 
conditions which inhibit development slight 
extent holdfasts may not only appear buds, but may actually 
grow out and attach themselves much earlier stages develop- 
ment than those which they normally appear. low concen- 
trations KCN, alcohol, ether, etc. and even when kept sea 
water several centimeters deep without change aeration the 
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Fics. 10-13. Development holdfasts young animals. Fig. 10, 
young hydroid stage which holdfast buds usually first appear under 
normal conditions. Fig. 11, outgrowth holdfast from blastula under 
slightly inhibiting conditions. Fig. 12, planula with holdfast which ap- 
peared blastula stage under inhibiting conditions. Fig. 13, slightly in- 
hibited young hydroid with long holdfast which appeared the early 
planula stage. Hydroid and holdfast are figured the same plane, though 


nature the plane holdfast elongation right angles the hydroid 
axis. 
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holdfasts develop the planula even the blastula stage. 
Fig. shows blastula with holdfast. Fig. planula with 
holdfast which began its development the blastula stage, Fig. 
early hydroid with holdfast which appeared the early 
planula stage twenty-four hours before the stage the figure. 
The spiral growth seen Fig. frequent occurrence the 
holdfasts, but the conditions which determine are unknown. 
These three, well numerous other similar cases observed 
are from material developing the bottom cm. depth 
standing water without aeration change since early cleavage 
stages. compared with development frequently changed, 
well aerated water, this material was distinctly inhibited devel- 
opment. Many similar cases premature development hold- 
fasts have been observed with low concentrations various in- 
hibiting agents. fact, the early formation and outgrowth 
holdfasts the characteristic effect slight degree inhibi- 
tion retardation development. 

this connection may recalled that development stolons 
instead the hydranth-stem axis from the planula has been ex- 
perimentally determined campanularian hydroid, 
gregarium, various inhibiting conditions (Child, 
that form both ends the planula may give rise stolons. 
Corymorpha the premature development holdfasts has been 
observed only from the basal region and the hydranth-stem axis 
has developed sooner later, but always retarded. has been 
pointed out elsewhere that the polarity the tubularian hydroids 
apparently less readily altered than that the campanularian 
(Child, and the persistence the planula polarity 
Corymorpha under inhibiting conditions constitutes further 
evidence along the same line. 

The much earlier appearance and outgrowth the holdfasts 
under slightly inhibiting than under normal conditions shows that 
the inhibiting conditions favor some way their development. 
But evident that the inhibiting conditions are not them- 
selves necessary for development holdfasts, since larger older 
animals the holdfasts develop very rapidly the best possible 
laboratory environment (Figs. regards the manner 
which the inhibiting conditions induce premature development 
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holdfasts, two possible factors suggest themselves. First, the 
inhibiting conditions may directly affect the lower end the 
primary gradient which become the basal region and lower 
its metabolic physiological level that conditions favorable 
holdfast development arise earlier than they would under normal 
conditions, which they appear only after the animal has become 
considerably older and its metabolism has undergone decrease. 
has been shown elsewhere (Child, that basal regions 
may determined and localized local inhibiting conditions and 
possible that the direct effect the inhibiting conditions de- 
creasing the activity the lower end the gradient may con- 
cerned determining holdfasts earlier stage development 
than that which they normally appear. 

second possible factor the premature development hold- 
fasts under inhibiting conditions increase the degree 
physiological isolation the lower end the gradient from 
apical dominance consequence the effect the inhibiting 
conditions the apical region. The fact that the holdfasts are 
not only prematurely determined buds but also develop prema- 
turely with great rapidity indicates that the effect the inhibiting 
conditions their development is, least large part, indirect 
rather than direct, i.e., increase the degree physiological 
isolation the basal region from apical dominance resulting from 
the inhibiting action the conditions the apical region. Un- 
der normal conditions such physiological isolation does not occur 
until much later developmental stage when the length the 
hydroid begins exceed the range that degree dominance 
necessary for complete inhibition holdfast development, and 
even then their development very slow until considerably 
greater length stem attained, which apparently permits 
greater degree physiological isolation. The dominant apical 
region more susceptible than the less active basal region the 
inhibiting conditions (Child, ’26a) and its dominance over the 
basal region decreased, consequently holdfasts are able not only 
appear buds, but grow out once. The holdfast evi- 
dently represents new physiological axis which can formed 
the basal region the hydroid only when certain degree 
physiological isolation from the dominance the apical region 
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occurs. similar relation between hydranth region and stolon 
exists Tubularia (Child, pp. 91, 92, Figs. 42, 43) well 
other hydroids, but those forms the stolon tip transforms into 
hydranth-stem axis soon the degree isolation sufficient. 

This interpretation holdfast development does not conflict 
any way with the fact that new basal ends which holdfast 
buds may develop and grow out are often determined pieces 
undergoing the conditions associated 
with contact nearness the bottom (Child, especially 
with the addition inhibiting agents (Child, normal 
development and many cases reconstitution the basal region 
apparently largely wholly determined internal factors 
secondary gradient the low end the primary gradient 
(Child, Apparently represents region sufficiently iso- 
lated physiologically from apical dominance develop new 
gradient opposite direction the old and grow length, but 
still some extent under apical dominance since possesses the 
capacity develop hydranth-stem axis from its proximal end 
(Child, 786), but does not except after separation 
from the apical and inhibition its own distal region. The late 
appearance and slow development holdfasts normal young 
animals suggests that further increase the degree physio- 
logical isolation the basal region necessary for holdfast for- 
mation. Since condition relatively low metabolism evi- 
dently the essential factor determining basal region, local ex- 
ternal inhibiting conditions may determine such region assist 
determining it, establishing the proper metabolic conditions. 
Whether when holdfasts shall develop basal region thus 
determined apparently depends the degree physiological iso- 
lation from the dominant apical region which attained such 
region. the piece undergoing reconstitution the new apical 
region often not sufficiently developed the time the basal 
region determined prevent the appearance holdfast buds; 
but apparently often does inhibit their further outgrowth for 
usually they develop very slowly until the animal attains certain 
length and the very small individuals from short pieces they 
may remain buds indefinitely. both reconstitution and em- 
bryonic development, however, inhibition hydranth development 
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favors their early outgrowth unless the inhibiting conditions are 
sufficient inhibit the holdfast buds directly. 

Physiological Dominance and Isolation among the 
noted above, the earlier holdfasts are scattered about the basal 
end, but after the longitudinal entodermal canals develop, the later 
holdfast buds arise regular order along these canals, usually 
two rows canal, forming definite zone surrounding the stem 
several millimeters from the basal tip. this zone the first buds 
appear and the most advanced development any given time 
are those nearest the basal tip and bud development progresses 
distally. Fig. shows the buds single canal they appear 
the older animals and Fig. new zone buds develop- 
ing distal cut end. 


Fic. The system holdfast buds single entodermal canal 
appears older animals. 


This definite order development and spatial arrangement also 
suggests the existence physiological relation between the in- 
dividual holdfasts the system and Torrey has observed that the 
removal the older holdfasts accelerates the development 
those near the wound the distal side (Torrey, 217). 
the normal development the animal the holdfasts nearest the 
basal tip grow out first when the animal attains certain length. 
After protoplasmic connection between their tips and the stem 
severed atrophy the connecting region resulting from elon- 
gation the buds next order distally grow out and on. Mean- 
while new buds may begin develop the distal end the bud 
zone. This zone therefore gradually changes its position the 
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distal direction and the larger individuals often entirely above 
the surface the mud which the basal end these 
facts indicate the existence relation dominance and subor- 
dination the holdfast system, the holdfasts the proximal end 
dominating those distal them. this relation the holdfasts 
which develop from the higher levels the basal gradient dom- 
inate those lower levels, just other similar gradients, 
many plant axes. 

After the zone holdfast buds has developed, the buds any 
level this zone can activated once section the stem 
just proximal them. Such section removes the proximal dom- 
inant buds holdfasts and the most proximal buds remaining 
grow out and become dominant. This activation and outgrowth 
take place very rapidly. Fig. for example, shows the proximal 
end stem 1/2 hours after section through the distal region 
the holdfast zone. Before section the holdfast buds this 
region were very early stages like those the upper third 
Fig. 14. Within the short time 1/2 hours some these buds 
attained length almost mm. 

Fig. shows stem which second set holdfasts de- 
veloping after removal the first set which developed after re- 
moval the basal end hours preceding the stage figured. The 
first set holdfasts was allowed develop for hours which 
time those which developed first had lost connection 
with the stem and others distal them were developing. Then 
all developed holdfasts were removed. Fig. shows the develop- 
ment attained the new set three hours after removal the 
old. Fig. also shows new zone holdfast buds developing 
short distance from the proximal end. This zone has devel- 
oped within hours since was not present the time sec- 
tion. Such new bud zone has been observed other similar 
cases and all, indicated Fig. arises short distance 
distal the actively growing holdfasts, not immediately adjoining 
them. This position characteristic and again indicates that 
these rapidly growing holdfasts dominate certain length stem 
such manner prevent development even other hold- 
fast buds within that region. The following experimental data 
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show that the rapid reaction following section stem removal 
holdfasts the cases above described not exceptional. 

Twenty stem pieces comprising the proximal fifth the 
naked region and the distal half the perisarcal region were cut 
from newly collected, relatively young individuals mm. 
length. These pieces were approximately one fourth the total 
stem length. They possess only very early holdfast buds 
visible buds. After 1/2 hours three pieces were attached 
their holdfasts, some which were mm. long (Fig. and 
eight others showed outgrowing holdfasts the proximal end. 
After hours nineteen pieces were attached; these fifteen 
showed maze holdfasts about their bases, some them 
several mm. length, and four pieces were attached the peri- 
sare without holdfast outgrowth. 

II. Six pieces from the preceding experiment were detached 
and all developed holdfasts were removed from the proximal end 
after hours growth. One hour later two cases showed out- 
growing holdfasts, one single holdfast 0.23 mm., the other, two, 
each 0.17 mm., both attached the bottom. After 1/2 hours 
four pieces showed outgrowing holdfasts and three were attached 
them. After hours all six showed growing holdfasts and 
four were attached. One holdfast was 1.3 mm. length. After 
hours four were attached. Fig. represents one the pieces 
this stage. After hours, five, and after hours, all were at- 
tached holdfasts. Five the six pieces developed second 
zone holdfasts buds like Fig. within hours less. 

III. From ten newly collected individuals 50-60 mm. length 
hydranths and basal ends, including all visible holdfast buds, were 
removed. The earlier stages new holdfast development were 
not observed, but after hours eight were attached with numer- 
ous holdfasts some mm. length. Two pieces were still un- 
attached, but show early developing holdfast buds. this ex- 
periment preformed buds were absent but the formation and de- 
velopment new holdfasts length 3-4 mm. has occurred 
within hours. 

IV. Ten stems similar After hours five were attached 
and some holdfasts were 3-4 mm. long. All five showed new 
zone holdfasts developing 1-2 mm. distal the outgrowing 
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holdfasts. Five were unattached, one with early holdfasts, four 
without holdfasts. After hours all had developed holdfasts 
and become attached. 

this experiment four larger animals, 60-70 mm. length, 
which had been days the laboratory, were used. these the 
holdfast bud zone had already developed above the level the 
mud, see 30). These were the largest individuals obtainable 
during the summer 1926, when most the observations 
holdfasts were made. The basal ends were removed such level 
leave 6-8 rows preformed holdfast buds distal the cut 
end, and the hydranths were also removed. After hours the 
most proximal one two rows buds were elongating and after 
hours all four pieces showed holdfasts mm. length and 
two were attached their holdfasts. The much slower outgrowth 
this, compared with other experiments doubtless due the 
six day period the laboratory without food preceding the ex- 
periment. 

These few experiments are sufficient indicate the extremely 
rapid activation preformed holdfast buds and development 
new buds and holdfasts after removal levels proximal them. 


The Corymorpha holdfast tertiary axis which develops from 
the secondary axis which constitutes the basal region. re- 
sembles the stolons other hydroids appearance and its 
growth and development, but apparently more specialized than 
the true stolon, since not known give rise new hydranth- 
stem axis the stolon does when isolated. All experimental 
methods applied the holdfast indicate that represents phys- 
iological gradient with high end the tip, like hydroid stolon, 
plant root rhizoid and many other physiological axes. More- 
over, the developmental behavior the holdfast, the greater 
activity its tip compared with other parts, the 
maintenance good condition distal, the expense proxi- 
mal regions, even during gradual reduction starvation, all con- 
stitute further evidence that gradient. And there ab- 
solutely nothing indicate, and ground for assuming that its 
axiate character has any other basis than this gradient. 
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The secondary gradient which characterizes the basal region 
apparently represents certain degree physiological isolation 
from apical dominance and the slow appearance and development 
the holdfasts under normal conditions, compared with their 
premature development under inhibiting conditions suggest that 
still higher degree physiological isolation necessary for their 
development than for the determination the basal end. Since 
the apical region more susceptible inhibiting conditions than 
the basal (Child, these conditions decrease apical dominance 
without greatly affecting the holdfasts themselves, they in- 
hibit the internal factors which inhibit retard the outgrowth 
the holdfasts and increase the degree physiological isolation 
the holdfast region. 

When active development the holdfasts does begin, relation 
dominance and subordination arises within the holdfast system. 
The most proximal holdfasts, those nearest the basal tip, are 
the first appear, might expected, since the degree 
physiological isolation must greater there than more distal 
regions. first holdfasts dominate buds distal them and 
prevent retard their development. Removal outgrowth and 
separation these most proximal holdfasts permits the further 
development those next distally and on. This relation 
essentially identical with that found many axiate complexes 
plants. 

Concerning the nature this dominance Corymorpha noth- 
ing definite can said. The very wide occurrence both plants 
and animals essentially identical phenomena dominance, sub- 
ordination and physiological isolation and the apparently primary 
dependence dominance high metabolic activity, rather than 
any particular kind activity indicate the non-specific character 
dominance and suggest that primarily dynamic rather than 
matter specific chemical substances. 

The holdfasts are also considerable interest because their 
extremely rapid activation and development after the bud stage. 
The outgrowth holdfasts within hour after removal more 
proximal regions represents unusually rapid reaction and the 
advance the tip later stages, even after isolation from the 


stem may rapid as, even more rapid than the early elonga- 
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tion. The question whether elongation the holdfast due 
actual growth, or, Torrey believes, the amceboid 
activity the tip, the relative importance these two 
factors, cannot finally answered present, but seems evident 
that the earlier elongation the holdfast, which may take place 
free the water without contact the tip cannot due the 
activity the tip. Migration cells from the stem 
into the holdfast possible, but there evidence that occurs. 
all appearances this elongation due real growth. re- 
gards the later advance the tip after isolation and while 
undergoing reduction and atrophy the more proximal regions 
occurring, only further investigation can determine what ex- 
tent growth the tip the expense other parts and what 
extent activity concerned. But whatever the proc- 
esses underlying particular aspects its behavior, the holdfast 
originates local region some sort physiological activity 
which decreases peripherally from center. This activity leads 
outgrowth and elongation and the central, most active region 
necessarily becomes the tip the outgrowth and the radial gradi- 
ent becomes axial gradient. All the behavior the holdfast 
expression that fact. 


SUMMARY. 


The holdfasts Corymorpha are tertiary axial gradients 
developing buds from the secondary gradient the basal 
region. 

Their premature appearance and outgrowth embryonic 
development under inhibiting conditions, compared with their 
much later appearance and slower growth development under 
normal conditions, suggest that certain degree physiological 
isolation from apical dominance necessary for their development. 

the holdfast elongates, the its proximal re- 
gion atrophies that the distal portion becomes completely iso- 
lated from the parent stem, but advance the tip continues until 
exhaustion occurs, the distal remaining good condition 
while atrophy continues the proximal end. The delicate peri- 
sarcal tube secreted the tip advances the only connection with 
the stem later stages. 
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POLARITY HOLDFASTS CORYMORPHA. 


Holdfast elongation extremely rapid, sometimes mm. 
15-20 minutes. After few hours the rate elongation de- 


creases and exhaustion occurs after days. The maximum 
lengths observed are cm. 


The holdfast tip contact shows some activity and 
while the earlier stages elongation are apparently due largely 
wholly growth and may occur with the tip free the water, 
the continued advance over the substratum after isolation from 


the stem and while undergoing decrease size may due 
part the activity the tip. 
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Gullet and Pharyngeal-rod Apparatus 
Gullet and Pharyngeal-rod Apparatus 
Origin the Centrosome Mastigophora 
INTRODUCTION. 


view the somewhat unsatisfactory classification the 
colorless euglenoids use prior 1925, has seemed that 
comparative study Peranema and Heteronema (both the 
family Peranemide Klebs) and several representative Astasiide 
might lead results bearing this problem. Some the vari- 
ous difficulties, however, appear have been settled satisfactorily 
the classification proposed Calkins (1926), although Rhodes 
(1926) has objected the changes. connection with work 
several and Heteronema, this investigation was begun 
Powell 1925, and has been completed the senior author 
New York University. brief account our findings has been 
published elsewhere (Hall, 1926). 

The nomenclature Peranema trichophorum has undergone 
several changes since the organism was first described Ehren- 
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berg 1838 Trachelius trichophorus, supposed ciliate. 
few years later the organism was recognized flagellate 
Dujardin (1841), and named Peranema protracta. Overlooking 
the work Dujardin, Claparéde (cited Kent) changed Ehren- 
berg’s terminology Astasia trichophora. The flagellate was 
replaced the genus Peranema Stein (1878), and now 
known Peranema trichophorum (Lemmermann, 1913; Conn 
and Edmondson, 1918; Calkins, 1926). noted that 
Conn and Edmondson (1918), although listing Peranema tricho- 
phorum, described Astasia trichophora with two flagella, one 
long and the other relatively short. This organism, even valid 
species, cannot regarded example Kent’s Astasia tricho- 
phora trichophorum), nor may called As- 
since single flagellum characteristic this genus (Kent, 
Lemmermann, Calkins). The organism question might 
placed either the genus Heteronema Distigma, but reassign- 
ment would rather difficult the basis Conn and Edmond- 
son’s figure. 
MATERIAL AND 


For the past three years Peranema trichophorum has occurred 
persistently various laboratory cultures The Rice Institute 
and later New York University. satisfactory culture medium 
consists tap pond water containing piece beef suet. The 
medium allowed stand for week more, and then inocu- 
lated with Peranema. 

Material has been fixed the solutions Altmann and Schau- 
dinn. The latter far more satisfactory for examination the 
nucleus, pharyngeal-rod apparatus and flagellar rhizoplasts, while 
the fixative Altmann gives good results with the flagellum and 
gullet, well with mitochondria (Causey, 1925). After 
Schaudinn’s fixative material has been stained Bordeaux red 
followed iron-alum hematoxylin, and iron-alum hematoxylin 
either alone followed counterstain (eosin, orange Congo 
red). After fixation Altmann’s method Regaud’s hematoxylin 
has been used, either with without counterstain (eosin 
Bordeaux red). other Altmann preparations the method 
bleaching described Causey (1925) has been tried for demon- 
stration mitochondria. 
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observations the living organism Zeiss cardioid dark- 
field condenser has been used advantage supplement 
the usual microscopic examination. The darkfield condenser has 
been especially useful determining the presence cuticular 
striations and granules (mitochondria?) which show Brown- 
ian movement, and observing behavior the flagellum. The 
use yellow color filter place the usual glass 
the microscope lamp was found facilitate the tracing 
chromosomes and rhizoplasts material stained Bordeaux 
red and hematoxylin. Our optical equipment consisted 
Spencer binocular microscope equipped with Zeiss compensating 
oculars and mm. (Zeiss) and 1.5 mm. (Spencer) apochromatic 
objectives. 

GENERAL 

Peranema trichophorum colorless, plastic uniflagellate 
euglenoid, varying length from according Lem- 
mermann (1913). our stained preparations the length ex- 
tended organisms ranges from about The living 
flagellate shows several peculiarities: gliding type forward 
locomotion, apparently without spiral rotation; long and thick 
flagellum, only the tip which seems involved forward 
locomotion marked plasticity, metaboly, especially food-tak- 
ing changing direction locomotion; and pharyngeal-rod 
apparatus the anterior part the body. With the dark- 
field condenser, the periplast seems heavily striated and, 
Jenningsia (Schaeffer, 1918), the striations begin the cy- 
tostome and extend spirals posteriorly (Fig. Occasion- 
ally the striations may detected both Altmann and Schaudinn 
preparations. There are traces “movable club-shaped ap- 
pendages such are found the periplast Jenningsia. The 
cytoplasm usually contains number paramylum bodies and 
one more food masses vacuoles. 

Altmann-Regaud preparations Peranema number 
small cytoplasmic granules are often observed, apparently 
more numerous the outer layers than the deeper cytoplasm. 
some our material fixed Schaudinn’s fluid and stained 
Bordeaux red followed hematoxylin, similar granules have been 
found such preparations the granules, when present all, seem 
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distributed throughout the cytoplasm. Such granules (PI. 
I., Fig. Pl. Figs. 10, 13) are possibly regarded 
mitochondria, since they are readily demonstrated Causey’s 
(1925) methods mitochondrial fixation and staining. has 
been impossible, however, demonstrate their mitochondrial na- 
ture the use Janus green living specimens. With the 
darkfield condenser granules similar size are seen the 
living organism and, far our observations go, they exhibit 
continuous Brownian movement. Distinctly rod-shaped mitochon- 
dria have not been found, and this respect our findings agree 
with those Causey (1926), who described only granular mito- 
chondria Euglena gracilis. 


GULLET AND PHARYNGEAL-ROD APPARATUS. 


the living flagellate has not been possible determine com- 
pletely the structure the gullet and pharyngeal-rod apparatus. 
The following description these structures is, therefore, based 
principally upon stained preparations, and secondarily upon con- 
firmatory observations living flagellates. The gullet (Fig. 
2-5) more less flask-shaped cavity opening the outside 
through the cytostome. The somewhat enlarged posterior portion 
the gullet often designated the reservoir (Calkins, 1926; 
Baker, 1926; Rhodes, 1926). Near the base the gullet lies 
large contractile vacuole, which sometimes apparent stained 
preparations. watching this structure several living or- 
ganisms, the time between systoles was found range from 
seconds. The earliest stages diastole could not fol- 
lowed. Soon after single new vacuole appears, increases 
size, and then discharges its contents into the gullet. connect- 
ing duct could not traced living organisms, but indications 
such canal were found few Altmann-Regaud preparations. 
The flagellum, entering the cytostome, passes posteriorly 
end the usual blepharoplast the wall the gullet I., 
Figs. 1-3; Fig. 3). This insertion may also traced 
the living organisms under oil immersion. 

The pharyngeal-rod apparatus (Fig. extends along the 
wall the gullet and ends the rim the cytostome. the 
majority organisms examined there are two distinct pharyngeal- 
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Fic. Peranema trichophorum: (1) diagrammatic sketch extended 
organism showing flagellum, cytostome, gullet, contractile vacuole, pharyn- 
geal-rod apparatus, spiral striations periplast, nucleus, several food 
masses (posterior), paramylum bodies, and small granules which exhibit 
Brownian movement; drawing based upon living specimens and stained 
preparations; 1500 approximately. (2) Gullet and cytostome optical 
section; pharyngeal-rod apparatus omitted; Altmann-Regaud 
preparation; 2025. (3) The same organism, camera-lucida drawing 
different focal plane show “ventral” lip cytostome; position 
flagellum indicated beyond tip body; 2025. (4) Gullet, pharyngeal- 
rod apparatus and kinetic elements (blepharoplast, rhizoplast and centro- 
some) Bordeaux red-hematoxylin preparation; 1570. (5) Pharyngeal- 
rod apparatus and kinetic elements early prophase; two flagella, and two 
blepharoplasts joined rhizoplasts the daughter centrosomes; Bor- 
deaux-red-hematoxylin preparation; 1570. 
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rods, perhaps similar the cesophageal rods Heteronema acus 
(Rhodes, 1926). other instances I., Fig. the rods are 
close together that their double nature may detected only 
the and number our stained preparations possible 
distinguish only single thick rod Fig. 4). Whether 
the occasional appearance only one rod due fusion 
result fixation uncertain, but this does not seem improbable. 
Earlier descriptions the pharyngeal-rod apparatus Peranema 
have been discussed elsewhere (Hall and Powell, 1927). addi- 
tion the pharyngeal-rods which lie alongside the gullet, another 
structure sometimes detected favorable preparations. 
This curved cytostomal element which, when can demon- 
strated, lies along one lip the cytostome (Fig. Pl. 
Figs. 3). From the lip the cytostome the cytostomal rod 
extends slightly posterior direction around one side the 
gullet meet the pharyngeal rods. the basis Rhodes’ 
(1926) description, the falcate trichite” Heteronema acus 
seems similar this cytostomal element Peranema. 
Furthermore, curved rod similar relationships shown 
Schaeffer’s (1918) figures Jenningsia diatomophaga. 

The cytostome and gullet Peranema function the ingestion 
solid food, which formed into food vacuoles the base 
the gullet. The process feeding has been described Tann- 
reuther (1923), who states that the protoplasmic contents 
captured organisms are sucked way the gullet, after the 
pharyngeal-rod has punctured the wall the prey. Although 
confirmation this description has been attempted repeatedly, 
such action the pharyngeal-rod has far escaped us. has 
been found, however, that carmine particles, portions plant cells 
and even entire organisms (apparently Menoidium incurvum and 
Chilomonas paramecium) are ingested, and that even stained 
preparations there are evidences the formation food vacuoles 
the base the gullet. watching living specimens dark- 
field, has been possible observe the pinching off food 
vacuoles from the base the gullet. After their formation, the 
food vacuoles pass the posterior half the body. its feed- 
ing habits, Peranema resembles Schaeffer’s (1918) Jenningsia 
which, account its much greater size, able ingest diatoms 
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much length. Contrary the description Tann- 
reuther for Peranema, Schaeffer believes that Jenningsia the 
pharyngeal-rods are not protruded feeding. 


Peranema trichophorum the nucleus the interphase con- 
tains endosome which often irregular outline fragmented 
(Fig. B), but commonly more less ovoid shape I., Figs. 
2). stained preparations there usually clear area im- 


Fic. Camera-lucida drawings nuclei show variations form 
the endosome: 1-8, Peranema trichophorum; 10, Heteronema acus; 
1045. 


mediately surrounding the endosome. Between the endosome 
and the nuclear membrane lie numerous chromatin granules, 
chromomeres, apparently embedded some sort achromatic 
network (Schaudinn and hematoxylin preparations). (1916) 
states that the endosome Peranema always alveolar struc- 
ture, even the interphase. Such appearance seems de- 
pendent upon methods fixation and staining, since evident 
some our preparations but not others. Hartmann and 
Chagas (1910) have described divided “centriole” the endo- 
some Peranema during the prophase, but they did not trace the 
structure through mitosis and the cytological evidence presented 
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does not seem justify their conclusions. preparations fixed 
Schaudinn’s fluid and stained iron hematoxylin without 
counterstain, the endosome frequently seems consist deeply 
staining central portion and lighter peripheral layer. The darker 
medullary portion might conceivably interpreted centriole. 
interpretation this sort, however, confronted with the 
difficulty that the endosome (Fig. Peranema often frag- 
mented. The two, three four fragments may show the same 
peculiarity staining with iron hematoxylin. Three four such 
would seem too many for any one nucleus. 


The nucleus the interphase characterized chromatin 
the form small granules, chromomeres, surrounding the en- 
dosome and apparently embedded the nodes lightly stained 
network. definite chromosomes can detected this stage 
(Pl. Figs. 2). early prophases the chromatin granules 
are replaced thread-like chromosomes I., Fig. 3), formed 
presumably fusion these chromomeres. some early pro- 
phases the chromosomes their arrangement may simulate 
spireme which, except for the greater number chromosomes, 
similar that described Euglena agilis (Baker, 1926). 
others, the chromosomes appear radially oriented 
Fig. 3). later prophases, which second flagellum appears 
and division the gullet takes place, indications chromosome 
splitting are seen Figs. 4-6). the case 
Euglena agilis (Baker, 1926) separation the daughter chromo- 
somes begins, the majority cases, one end the pair and 
progresses toward the other end. This process results the ap- 
pearance V-shaped structures, with daughter chromosome 
forming each limb the Figs. 5,6). The V’s gradu- 
ally straighten out form belt approximately parallel chromo- 
some pairs Figs. 9), the members each pair still 
being joined one end (the “apex” the V). This same type 
chromosome splitting has been reported for Menoidium in- 
curvum (Hall, 1923), well for Euglena 

The endosome, during the later prophases I., Figs. 
II., Figs. 9), gradually drawn out form central dumb- 
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bell shaped structure surrounded the belt chromosomes. 
though the endosome the interphase and earlier prophases fre- 
quently consists two more fragments, the elongating endo- 
some the later prophase nearly always single structure. 
fact, only single exception was found our material; this 
stage, metaphase, there were two elongated endosomes, one 
slightly larger than the other. seems possible, therefore, that 
separate endosomal fragments present earlier stages may fuse 
form single mass before the late prophase. 

the metaphase II., Fig. 10) the daughter chromosomes 
are completely separated the equatorial plane the elongated 
nucleus. During the anaphases Fig. 11) the daughter 
chromosome belts draw apart further elongation and constric- 
tion the nucleus take place. The chromosomes still retain the 
parallel arrangement observed the metaphase, and appear 
uniformly distributed around each half the endosome. After 
constriction the nucleus into two daughter nuclei the early 
telophase the chromosomes may retain for some time their parallel 
arrangement Fig. 12). Later the chromosomes be- 
come irregularly distributed Fig. 12), and finally chromo- 
meres appear reorganization the daughter nuclei nears com- 
pletion II., Fig. 13). 

The endosome, during metaphase and anaphase stages, becomes 
more and more elongated, that the median portion drawn out 
form what has been called centrodesmose (Calkins, 1926; 
Baker, 1926). The name centrodesmose usually applied 
fibril joining the daughter halves intranuclear centriole. 
Since there evidence for the presence centriole Pera- 
nema, the use such term will avoided this case. The 
median portion the endosome finally breaks the late anaphase 
just before the daughter nuclei are completely separated. For 
time the daughter endosomes remain drawn out their median 
ends II., Figs. 11, 12). later telophases, however, each 
endosome approaches the characteristic interphase form reor- 
ganization the daughter nuclei nears completion. 


the typical interphase I., Figs. 1-2; Fig. there 
single flagellum ending blepharoplast the wall the 
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gullet. the early prophase two blepharoplasts are apparent 
Fig. 4), one them giving rise short flagellar outgrowth, 
and the other serving for insertion the old flagellum. this 
stage the two blepharoplasts are still very close together. 
slightly later prophases (Fig. the flagellar outgrowth has 
increased length, but the two blepharoplasts are still contiguous. 
The three stages just described are construed indicating 
early division the old blepharoplast, followed outgrowth 
new flagellum from one the daughter blepharoplasts. This 
interpretation seems better supported our evidence than any 
hypothesis nuclear origin the blepharoplast (Baker, 1926). 
the theory nuclear origin blepharoplasts were applied 
Peranema would necessitate the assumption that, the earliest 
biflagellate stages observed I., Fig. 4), granule has already 
passed through the nuclear membrane and made its way forward, 
become embedded the wall the gullet and give rise 
new flagellum. Such assumption not warranted the basis 
our observations. the later prophases I., Figs. 
the two blepharoplasts with their attached flagella gradually draw 
apart widening and fission the gullet begin. 

interkinetic stages much difficulty has been experienced 
attempting trace flagellar rhizoplast the nuclear membrane, 
due the fact that the interphase nucleus lies typically the 
posterior third the body. The food vacuoles and fixation 
vacuoles often intervening between nucleus and gullet Fig. 
make the search for delicate rhizoplast extremely difficult. 
Although apparent rhizoplasts have been traced part way 
number instances, has been impossible demonstrate our 
own satisfaction rhizoplast joining blepharoplast and nucleus 
during interphase stages. Such rhizoplast, however, has been 
demonstrated vegetative stages another euglenoid, Phacus 
costata (Bretschneider, 1926), and not impossible that 
existing interphase rhizoplast Peranema has merely been over- 
looked us. the early prophase, however, has been pos- 
sible number instances trace flagellar rhizoplast the 
nucleus I., Fig. Fig. 4). cases the cytoplasm 
happened practically free from food vacuoles, that the 
usual difficulties were not encountered. later prophases (Fig. 


e 


RICHARD HALL AND WILLIAM POWELL. 


two rhizoplasts extend from the daughter blepharoplasts 
pair granules the nuclear membrane. This stage and the 
preceding one indicate that the extranuclear centrosome the 
nuclear membrane divides during the prophase, and that each 
daughter centrosome joined rhizoplast the corresponding 
daughter blepharoplast. This arrangement blepharoplast, rhizo- 
plast and centrosome found also subsequent stages binary 
fission I., Fig. Pl. 11, 12). flagellates 
which the daughter gullets lie different focal planes than the 
nuclei often difficult trace rhizoplasts the nuclei, and for 
this reason they are not indicated some our figures. Baker 
(1926) has described similar rhizoplast joining each daughter 
blepharoplast so-called parabasal homologue the nuclear 
membrane Euglena agilis. 

the basis our evidence impossible prove that the 
granule, centrosome, the nuclear membrane permanent 
extranuclear organelle Peranema trichophorum, account 
the difficulty demonstrating rhizoplast joining blepharoplast 
and centrosome interkinetic stages. the other hand, there 
evidence all that the extranuclear centrosome ever arises 
from the endosome and migrates out the nucleus. neces- 
sary, therefore, leave the question open whether this ex- 
tranuclear granule permanent structure (although far un- 
detected interphase), whether may arise novo the 
beginning binary fission. 


GULLET AND PHARYNGEAL-ROD APPARATUS. 


the early stages binary fission the lower portion the 
gullet gradually increases width (Pl. Fig. 5). such 
stages pharyngeal-rod element detected each side 
the gullet. This might suggest that one the two original rods 
passes each daughter organism. the stage mentioned, how- 
ever, the rods appear smaller than those the typical vegetative 
stage. Furthermore, Rhodes (1926) states that during division 
the old (pharyngeal-rod apparatus) migrates pos- 
teriad and Heteronema acus. the early telo- 
phase new ones differentiate from the cytoplasm.” Rhodes’ in- 
terpretation might supported our Fig. Peranema, 


4 


MORPHOLOGY PERANEMA TRICHOPHORUM. 


which rod-like structures are shown enclosed two food vacuoles 
posterior the nucleus. Even this stage, however, pharyn- 
geal-rod elements are apparent either side the gullet. Hence, 
replacement the apparatus does occur Peranema, might 
expected, the process must take place rapidly and some time 
before late prophase. Division the gullet completed late 
prophase I., Fig. 7). metaphase and following stages 
the lower ends the two gullets lie near the poles the elongated 
nucleus and later the poles the daughter nuclei, polarity being 
indicated the orientation the endosome its daughter 
halves. Separation the two gullets seems begin always 
the lower end and progress anteriorly. 


ORIGIN THE CENTROSOME MASTIGOPHORA. 


extranuclear division center apparently common oc- 
currence the Mastigophora, since such structure has been 
described figured one more members each the fol- 
lowing families (Calkins’ system) Ochromonadide (Chrysomono- 
Protodiniferide, Blastodiniide, Peridiniide 
tigide Choanoflagellide, Bodonide (Proto- 
Staurojoenide, and Holomas- 
tigotide (Hypermastigida). the basis structural rela- 
tionships, avoiding consideration the highly specialized Hyper- 
mastigida, two general types extranuclear division centers may 
recognized the flagellates. 

The centroblepharoplast (Kofoid), centrosome-blepharoplast 
(Minchin), combines single structure the functions both 
centrosome and blepharoplast. the interkinetic phases (Fig. 
the flagellum arises from the centroblepharoplast. nu- 
clear division the centroblepharoplast divides, and the daughter 
granules take positions opposite poles the nucleus (Fig. 
2), thus resembling behavior the centrosomes Metazoan 
mitosis. There course need for caution interpreting such 
structures flagellates, since the granules are often small and are 
not always easy demonstrate. Since morphology and staining 
reactions alone are clearly inadequate for confirmatory evidence, 
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seems that the behavior such granule during nuclear divi- 
sion constitutes the only practicable basis for determining its cen- 
trosomal nature flagellates. accordance with this assump- 
tion, blepharoplast which divides early binary fission, and 


Fic. (1) Centroblepharoplast interkinetic stages flagellate; (2) 
centroblepharoplast binary fission; (3) interkinetic stage, separate ble- 
pharoplast and extranuclear centrosome; (4) binary fission, separate ble- 
pharoplast and centrosome; (5) Baker’s (1926) concept kinetic elements 
Euglena agilis (after Baker). bas. gr., basal granule 
bl., blepharoplast; centroblepharoplast; c., centrosome; nuc., nu- 
cleus; par. b., parabasal homologue (Baker) rh., rhizoplast. 


whose daughter blepharoplasts appear and remain opposite 
poles the nucleus throughout mitosis, may regarded 
centrosome. such blepharoplast, therefore, the term cen- 
troblepharoplast applied the sense just explained. 
matter fact, there would seem logical objection the 
view that centrosome may exhibit the properties blepharo- 
plast, view the behavior the centrosome spermatogenesis 
most Metazoa. The following are some the flagellates 
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which division center this type has been described: Eutricho- 
mastix serpentis, Trichomonas augusta, muris (Kofoid and 
Swezy, 1915), muris (Wenrich, 1921), batrachorum, Mono- 
cercomonas melolonthe (Grassé, 1926), Heteromita uncinata and 
Cercomonas longicauda (Wenyon, 1926). 

the second type, centrosome and blepharoplast appear 
two separate structures. number flagellates, for example, 
rhizoplast extends from the blepharoplast (or 
granule, designated the extranuclear centrosome, the 
nuclear membrane (Fig. 3). early stage binary fission 
this centrosome divides, may also the blepharoplast and rhizo- 
plast, and the daughter centrosomes move opposite poles the 
nucleus (Fig. 4). some instances, each daughter centrosome 
other forms, such Giardia, only one the centrosomes may 
connected with blepharoplast. few the flagellates which 
division center the second type has been described are: Giardia 
(Kofoid and Christiansen, 1915; Kofoid and Swezy, 1922), 
Menoidium incurvum (Hall, 1923), Polytomella citri (Kater, 
1925), Proteromonas longifila (Grassé, 1926), and possibly Eu- 
glena agilis (Baker, 1926). addition the centrosome-rhizo- 
plast-blepharoplast arrangement, some workers have described 
figured granules which appear the poles the dividing nucleus 
but not, apparently, show rhizoplast connections with the 
blepharoplasts. While such granules are more liable misin- 
terpretation than those which are undoubtedly joined the ble- 
pharoplasts, seems probable that least some them may 
centrosomal nature. 

the case the centroblepharoplast many flagellates 
possible, with certain obvious reservations, regard the centro- 
some permanent organelle which functions component 
the locomotor apparatus vegetative stages and, addition, 
division center binary fission. This interpretation, with 
the same reservations, might applied flagellates which cen- 
trosome and blepharoplast are separate structures, provided 
rhizoplast can traced from blepharoplast centrosome during 
interkinetic well division stages. Such concept con- 
tinuity the extranuclear centrosome is, however, confronted 
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with the objection that little known the fate this structure 
during encystment flagellates. Chilomastix mesnili 
and Swezy, 1920), form characterized nuclear division within 
the cyst, division center the second type appears encysted 
stages. This true also Giardia enterica (Kofoid and Swezy, 
1922). for flagellates which not divide within the cyst, 
there little critical evidence whether the centrosome persists 
not. Furthermore, any attempt solve this problem handi- 
capped the fact the the criterion behavior during nuclear di- 
vision cannot employed for identification suspected centro- 
some. Polytomella citri, however, Kater (1925) has demon- 
strated the presence, just prior excystment, 
granule joined rhizoplasts the blepharoplasts (from which 
flagella subsequently grow out). Continuity the centrosome 
during encystment might suggested the cases cited, but 
impossible without more evidence, draw any definite conclusion. 

When connection between blepharoplast and extranuclear 
centrosome cannot traced interkinetic stages, there arises the 
problem how and where the centrosome originates the 
onset binary fission. Several possibilities are apparent. (1) 
The centrosome may arise from within the nucleus, becoming 
extranuclear the beginning nuclear division. (2) The cen- 
trosome may permanently extranuclear, but easily detected only 
stages mitosis. (3) The extranuclear centrosome may arise 
novo the cytoplasm the beginning nuclear division, and 
then disappear after the completion binary fission. 

From various descriptions nuclear origin extranuclear 
kinetic granules, would appear that the typical process 
follows. small outgrowth first appears one side the en- 
dosome. This endosomal bud breaks off and moves toward the 
nuclear membrane, finally passing through become extra- 
nuclear granule. Once this position, the granule may bud off 
blepharoplasts basal bodies, give rise flagella, otherwise 
assert its kinetic nature. Three similar descriptions such 
process may mentioned. One the earlier accounts that 
Wilson (1916), who found that Dimastigameba (Negleria) 
gruberi the blepharoplast seemed grow out from the endosome 
the the beginning enflagellation. Wenyon (1926), 
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after critical study this species, states: The writer, after 
examining many thousands all stages flagellum 
formation, has failed entirely trace the origin the blepharo- 
plasts from the karyosome. seems more probable that the 
blepharoplasts are present the cytoplasm even during the 
phases the organism. They are minute that, un- 
less their connection with the flagella can traced, impossible 
distinguish them from other granules which occur the cyto- 
plasm. There seems real evidence that they are de- 
rived from the karyosome the nucleus.” 

more recent paper Kater (1925) has described such 
origin the centrosome Polytomella citri just before excyst- 
ment takes place. late stage small bud ap- 
pears one side the endosome. the next step, two chro- 
matic masses are shown the nucleus, one the central karyosome 
and the other ball” just within the nuclear mem- 


brane. the third stage, granule chromatic shown 
immediately outside the nuclear membrane. Later, small basal 


separates from the chromatic ball and moves toward 
the periphery the cell, remaining connected rhizoplast with 
the parent granule. the later stages, the basal granule and 
rhizoplast divide and, the beginning excystment, flagella 
grow out from the basal granules. 

Kater’s paper open the following criticisms. His critical 
stage (Fig. 35), which intranuclear granule shown the 
periphery the nucleus, offers proof that such chromatic 
its way passage through the nuclear membrane. 
possible that this chromatic may nothing more than 
fragment the karyosome, since Kater’s figures show that the 
karyosome breaks early division stages. addition, the 
mere presence extranuclear granule the nuclear mem- 
brane (Kater’s Fig. 36) itself evidence all that such 
position the result migration out the nucleus. Further- 
more, the fact that fibril apparently joins the karyosome this 
extranuclear granule means, this instance, precisely nothing, 
since the typical interphase nucleus Polytomella shows from 
four six such fibrils extending from the karyosome the nu- 
clear membrane. Most important all, Kater has not proved 
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that the chromatic ball” (centrosome) not permanently ex- 
tranuclear during encystment. actually concludes that, the 
active flagellates, the extranuclear centrosome present inter- 
kinetic well division stages. the encysted forms Kater 
figures several stages large number metachromatic gran- 
ules closely surrounding the nucleus. Even the chromatic 
were extranuclear such cases, could not detected. 
presumably later stages encystment the metachromatic 
granules have migrated the periphery the cell, and the 
revealed just outside the nuclear membrane. 

Baker (1926) has described similar phenomenon Euglena 
agilis: the first evidences approaching mitosis the 
budding off from the endosome deeply staining granule 
unmistakable character. The bud increases size and 
passes through the chromatin the outer nucleus the 
nuclear membrane. the nuclear membrane the mass di- 
vides and the daughter bodies separate and pass gradually op- 
posite sides the nucleus. they separate the bodies again 
divide giving rise the blepharoplasts the two future cells. 
From each blepharoplast new flagellum arises. When the nu- 
cleus has passed anteriorly until comes contact with the lower 
border the reservoir, each blepharoplast divides, giving rise 
basal granule which serves the basis for the smaller branch 
the bifurcated flagellum. The mass budded from the en- 
dosome contains blepharoplasts, basal bodies, and chromatic 
residue (which) remains the nuclear membrane.” 

early prophase (Baker’s Fig. small darkly stained 
granule shown near the endosome and attached rhizo- 
plast. succeeding stages (Figs. two granules (supposedly 
division products the first), one them still joined the endo- 
some, are seen near the nuclear membrane. These two 
granules look surprisingly like several other granules the nuclei 
Figs. and Fig. there are two pairs extranuclear 
granules opposite sides the gullet. pair granules 
said represent blepharoplast and basal body which each 
daughter half the kinetic complex has given rise.” The 
daughter halves the kinetic complex are longer seen 
the nuclear membrane. Instead, single granule residue 
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the kinetic invested with halo adjacent and 
joined rhizoplast the endosome. 

And yet stated that each half the kinetic complex gives 
rise blepharoplast-basal body complex which becomes the 
base the bifurcated flagellum 


‘ 


and chromatoid residue 
‘remains the nuclear membrane.” After reading this 
statement, careful examination Baker’s figures leaves the 
reader somewhat puzzled. There apparent difference be- 
tween the kinetic complex the early prophase (Fig. and 
the residue the kinetic shown near the endosome 
Fig. fact, the figures would even suggest identity the 
two structures. How then possible assume that between 
these two similar stages the kinetic complex has given rise 
division two daughter granules the nuclear membrane, and 
that each these granules has budded off extranuclear ble- 


pharoplast-basal body, leaving chromatoid residue the nuclear 


which 


Fig. the daughter blepharoplasts are seen opposite ends 
the nucleus. One the blepharoplasts now connected with 
the single residue the kinetic complex, which lies near the en- 
dosome. Figs. and the single residue the kinetic 
complex has apparently disappeared, and the blepharoplasts are 
longer shown the nuclear two granules 
lie the the nucleus, while the blepharoplasts occupy 
their normal positions the wall the gullet. Each these new 
granules, joined rhizoplast its respective blepharoplast, 
designated residue from the kinetic complex.” Have the 
two residues Fig. arisen division the single residue near 
the endosome Fig. Baker fails make this clear. During 
the telophases each residue” pinches off from the nucleus 
little nimbus its own and loses connection with the blepharo- 
plast. Each residue persists until some time during the next 
mitosis, and while does not function division center, yet 
sets series concatenated events which result the final 
production two fully vigorous individuals from single parent 
cell.” 

description does not explain: the reason for the 
striking similarity between the kinetic complex Fig. and the 
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single residue the kinetic complex Fig. and the rela- 
tion between the single residue near the endosome Figs. and 
and the two residues the nuclear membrane Fig. and fol- 
lowing stages (c) the shifting the blepharoplasts from the poles 
the nucleus Fig. their usual position (Fig. (d) 
the fact that Fig. rhizoplast traced from one blepharoplast 
(on the nuclear membrane) the single residue near the endo- 
some, whereas Fig. each blepharoplast (now the wall the 
gullet) joined rhizoplast residue one pole the 
nucleus; the fact that, while the chromatoid residues are 
said remain the nuclear membrane, single residue shown 
near the endosome Figs. and only possible conclusion 
seems that the evidence presented fails prove that the 
extranuclear blepharoplast and basal body are derived from the 
intranuclear kinetic complex. critical stages such process 
are shown the plates and, the basis the evidence presented 
Figs. Baker’s hypothesis seems more than the 
following given two intranuclear granules early 
prophase and four extranuclear granules later prophase, the 
extranuclear granules must have been derived from the intra- 
nuclear ones. Furthermore, the plates offer cytological proof 
that the polar chromatic residues (also termed centroblepharo- 
plast homologue and parabasal are actually de- 
rivatives the kinetic complex. Since Baker’s hypothesis 
nuclear. origin kinetic granules based entirely upon the sup- 
posed demonstration the two phenomena just mentioned, 
demonstration which his plates fail show, his account cannot 
accepted until verified. 

the case Peranema trichophorum perhaps significant 
that the examination several thousand interkinetic and early 
division stages has failed entirely reveal any positive evidence 
for nuclear origin extranuclear kinetic granules. 

conclusion may pointed out that the various workers 
cited have presented critical evidence that the centrosome 
blepharoplast derived from the intranuclear endosome flagel- 
lates. Wilson’s description has been refuted Wenyon, the 
evidence Kater’s paper entirely inadequate, and Baker’s plates 
not contain the proof for his hypothesis. Various other ac- 
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counts nuclear origin kinetic granules, mentioned Calkins 
(1926) and Wenyon (1926), seem more convincing. 
There need point out that most the evidence against 
the theory nuclear origin purely negative character, but 
spite this fact the whole doctrine nuclear origin kinetic 
granules flagellates can only regarded proven.” 
And until adequate proof forthcoming there seems little 
justification for the statements various authors that there exists, 
hidden away the endosome interkinetic flagellates, intra- 
nuclear centriole, endobasal body, which gives rise blepharo- 
plasts, centrosomes other kinetic elements during binary fission. 


HOMOLOGUE CONCEPT. 


the paper just discussed Baker (1926) has introduced an- 
other complication the concept homology between his resi- 
due the kinetic and the parabasal body. en- 
dobasal body located the endosome and gives rise division 
chromatoid mass, the kinetic complex. This migrates the 
periphery the nucleus, where divides, the daughter halves pass- 
ing the approximate poles the division figure. The 
chromatoid residue left the nuclear membrane after the ble- 
pharoplast-basal body complex freed homologous the 
parabasal body many parasitic flagellates well the so- 
called kinetonucleus Trypanosomes.” There evidence 
Baker’s figures for the existence endobasal body within the 
endosome, for the formation the kinetic complex division 
such pre-existing granule the endosome. Obviously, the 
endobasal body must purely hypothetical structure this 
case. 

The parabasal homology the residue the kinetic complex 
said indicated partly the position the residue with 
relation the poles the dividing nucleus. impossible 
accept such statement without reservation. (1926) 
figures nuclear division Trypanosoma for example, 
the position the daughter parabasal bodies extremely variable 
with respect the poles the nucleus. other parasitic flagel- 
lates, such Giardia and Trichomonas, the centrosomes (or cen- 
and not the parabasal bodies, occupy the poles 
the nucleus. 
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Another foundation for Baker’s concept his apparent belief 
that the kinetic residue and parabasal body show the same sort 
connections with the nucleus and blepharoplast. stresses 
the view that trypanosomes and crithidial forms the parabasal 
body joined the nucleus rhizoplast. matter fact, 
McCulloch (1919) has demonstrated that Crithidia euryoph- 
thalmi and Schizotrypanum flagellates mentioned Baker, 
this not the case. Instead, the nuclear rhizoplast extends from 
the blepharoplast the nucleus, while the parabasal body joined 
its own rhizoplasts the blepharoplast and not the nucleus. 
other flagellates well Trichomonas, Polymastix, Giar- 
dia), the parabasal body seems connected with blepharoplast 
rather than with the nucleus. 

Another supposed support for this hypothesis the statement 
that McCulloch (1917) described the origin chromatoid 
mass from the endosome Crithidia euryophthalmi. She 
identifies the structure the parabasal body.” examination 
McCulloch’s article shows that nowhere the paper cited does 
she mention such origin the parabasal body. Nor does she, 
her other papers (1915, 1919), figure describe the origin 
the parabasal body directly from the nucleus. would seem that 
Baker, instead reading carefully McCulloch’s original papers, 
allowed himself misled Calkins (1926). page 97, 
Fig. 46, his textbook, Calkins has copied several figures 
small zooids Crithidia and labeled them origin parabasal 
from endosome nucleus (after McCulloch).” This interpreta- 
tion somewhat liberal, since McCulloch (1919) herself suggested 
nuclear origin the blepharoplast, from which later develop- 
ment flagellum grows forward anteriorly and parabasal body 
the side.” the basis McCulloch’s statements, would 
just logical conclude that the flagellum originates from 
the endosome within the nucleus assume that the parabasal 
body budded off directly from the endosome. might men- 
tioned also that McCulloch qualified her suggestion with the state- 
ment that her search for complete series stages the origin 
blepharoplast and parabasal body had been and 
that, “owing the size these zooids extremely difficult 
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thermore, the belief nuclear origin the parabasal body 
opposition Wenyon’s (1926) opinion that there conclu- 
sive evidence that the parabasal body nuclear origin, some 
have supposed.” 

Baker’s parabasal homologue concept thus rests part upon 
apparent misunderstanding the relationships the blepharo- 
plast, parabasal body and nucleus Crithidia and other flagellates, 
and part upon the seemingly erroneous impression that the 
parabasal body Crithidia euryophthalmi budded off directly 
from the endosome. the basis Baker’s figures Euglena 
agilis evident that the so-called parabasal 
similar behavior, for the most part, the extranuclear centro- 
some number the flagellates already mentioned. For this 
reason would seem more plausible interpretation consider 
blepharoplast, rather than rudiment the parabasal body 
parasitic flagellates. 


Peranema trichophorum colorless, metabolic euglenoid with 
single large flagellum, only the tip which employed for- 
ward locomotion. The flagellum arises from blepharoplast 
the wall the flask-shaped gullet and leaves the body through the 
cytostome. The pharyngeal-rod apparatus staborgan consists 
typically two pharyngeal-rods and curved cytostomal element. 
The rods extend from the rim the cytostome posteriorly along 
the gullet. cytostomal element lies along one “lip” the 
cytostome and extends partly around the gullet join the pharyn- 
geal-rods. The apparatus probably operates expansion cy- 
tostome and gullet feeding, although this could not deter- 
mined living material with any degree accuracy. 

mitosis longitudinal splitting the chromosomes occurs, 
followed unipolar separation the daughter chromosomes. 
This results the appearance V-shaped daughter chromosome 
pairs, which unfold form the chromosome belt the later pro- 
phases. Final separation the daughter chromosomes (at the 
each occurs the metaphase. This process 
similar that described Menoidium incurvum (Hall, 1923) and 
Euglena agilis (Baker, 1926). 
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The kinetic elements consist blepharoplast, which the 
flagellum ends, centrosome the nuclear membrane, and 
rhizoplast joining blepharoplast and centrosome. The blepharo- 
plast-rhizoplast-centrosome complex was detected early pro- 
phases, but not interkinetic stages. later prophases both 
centrosome and blepharoplast apparently divide, and the daughter 
centrosomes gradually move apart toward opposite poles the 
nucleus. second flagellum grows out from one the daughter 
blepharoplasts. There evidence for nuclear origin cen- 
trosome blepharoplast Peranema trichophorum. 

The question the nuclear origin centrosome and blepharo- 
plast flagellates discussed, with special referenence the 


Kater and Baker. pointed out that neither paper 


contains sufficient evidence prove nuclear origin kinetic 
elements. 
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DESCRIPTION PLATES. 


Peranema trichophorum: drawings from preparations fixed Schau- 
dinn’s fluid and stained Bordeaux red followed iron-alum hematoxy- 
lin; magnification 1570, except Fig. 


Fic. Nucleus interphase; cytoplasm contains several food masses 
vacuoles near nucleus; cytoplasmic granules (mitochondria?) are nu- 
merous. 

Fic. Contracted organism; nucleus interphase; pharyngeal rods 
appear separate only anterior ends. 

Fic. Early prophase; rhizoplast extends from blepharoplast cen- 
trosome nuclear membrane; two endosomal fragments; chromosomes 
show radial arrangement. 

Fic. Prophase; two blepharoplasts present, and new flagellar out- 
growth has appeared; rhizoplasts not traced nucleus (see figure 
5), since the latter lies deeper focal plane than the gullet; only one 
thick pharyngeal-rod seen; some indications chromosome splitting. 

Fic. optical section gullet and cytostome; position 
pharyngeal-rods separation daughter chromosomes beginning. 

Fic. Later prophase; V-shaped chromosome-pairs evident; portion 
one daughter flagellum and gullet indicated. 

Fic. Different focal plane through same organism; the two daughter 
gullets have just separated two pairs pharyngeal-rods present. 
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II. 


Fic. Late prophase; daughter chromosome pairs unfolding form 
chromosome belt; the gullets, which lie almost perpendicular the plane 
the drawing, are omitted; 2025. 

Fic. Late prophase; almost completely unfolded 
form chromosome ring around the endosome; right gullet 
optical section; left gullet and flagellum, which extend beneath the nucleus, 
indicated their approximate positions; two pairs pharyngeal-rods ap- 
parent. 

Fic. 10. Metaphase; daughter chromosomes completely separated 
equatorial plane; the gullets, lying deeper focal plane than nucleus, are 
shown optical section; pharyngeal-rod apparatus omitted order 
show distribution granules (mitochondria?). 

Fic. 11. Late anaphase; daughter chromosome groups and daughter 
endosomes well separated; nucleus almost completely constricted; gullets 
shown optical section; rhizoplast shown joining one blepharoplast 
centrosome. 

Fic. 12. Telophase; one daughter nucleus the chromosomes still 
show parallel arrangement, the other they are becoming irregularly 
from each blepharoplast rhizoplast extends centrosome 
the nuclear membrane; the left only the lower end the gullet 
shown, and the pharyngeal rods are omitted. 

Fic. 13. Later telophase; daughter nuclei undergoing 
gullets, which extend beneath the nuclei, are indicated optical section; 
two pairs pharyngeal-rods apparent. 
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MISCELLANEOUS OBSERVATIONS HYDRA, WITH 
SPECIAL REFERENCE REPRODUCTION. 


LIBBIE HYMAN, 


The following observations have accumulated during several 
years’ cultivation hydra the laboratory together with 
ous collections the animals from nature. 

The taxonomy employed that Schulze who has made 
much needed revision the hydras and furnished adequate de- 
scriptions the known species. divides them into three gen- 
era: Chlorohydra, with symbiotic alge in.the entoderm; Pelma- 
tohydra, column differentiated into body and stalk; and Hydra, 
sensu strictu, column not differentiated. The common green 
Hydra then becomes Chlorohydra viridissima Hydra viridis- 
sima Pallas, Hydra viridis the brown Hydra des- 
ignated Pelmatohydra oligactis oligactis Pallas, 
Hydra fusca Linneus, Hydra and the genus 
Hydra contains number species some which the past 
have been confused under the name Hydra vulgaris Hydra 
grisea Linneus). There are least four, possibly five, species 
hydra around Chicago, which one does not correspond with 
any descriptions and requires named and de- 
scribed. 

The observations this paper concern Pelmatohydra oligactis 
(Pallas) Schulze and Hydra stellata Schulze. 


CULTIVATION. 


The cultivation hydras the laboratory not difficult, pro- 
vided sufficient food available. The real problem therefore 
the maintenance adequate food supply. Daphnia other 
daphnids furnish the most convenient food and are raised fol- 
lows. Several dishpans tubs are partly filled with well-aérated 
water. each added sufficient amount boiled aquatic 
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vegetation such Elodea Ceratophyllum cover the bottom 
with thin layer debris without inducing visible fermentation. 
The water should remain clear. After such cultures have stood 
for three four days, dapnids are added them. Later small 
pieces fresh raw liver the freshly killed bodies small ver- 
tebrates are added but never sufficient amount cause cloudi- 
ness the water. Each such culture serves for some time but 
new cultures must prepared intervals. 

Hydras collected from nature are transferred cultures pre- 
pared are filled one-half three-fourths full 
thoroughly aérated water (avoid water that has been treated with 
germicides). each jar added small amount water plant 
such Elodea that has been boiled for ten minutes. obser- 
vations agree with those Goetsch (’22b) that hydras flourish 
better cultures containing some organic debris than clear 
water. After jars prepared have stood for several days, re- 
maining clear and not showing any visible signs fermentation, 
hydras may added them. Such cultures hydra must 
fed daily adding appropriate number daphnids each. 
One daphnid per hydra per day sufficient keep culture 
good condition but induce rapid budding each animal must 
receive three four daphnids daily. frequent intervals the 
ejected remains daphnids must removed from the bottom 
the culture and small amount water dipped out and replaced 
prepared culture water. 

frequently happens that freshly collected hydras undergo de- 
pression (see below) after short sojourn the laboratory and 
are apt die, owing probably the sudden change environ- 
mental conditions. may therefore often difficult start 
laboratory cultures from specimens taken from nature. Under 
keep the animals alive until they have become adjusted labora- 
tory conditions. one means that each hydra 
fed daily placing crushed daphnid Cyclops, preferably 
the latter, contact with its tentacles means fine forceps. 
After several days such care, some specimens will usually have 


expression “prepared culture water” “culture water” used 
hereafter refers water prepared the manner here described. 
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recovered and will serve for starting cultures. intervals new 
cultures should prepared and hydras transferred these. 
experience, Pelmatohydra oligactis much easier cultivate 
than any other species. 

The chief difficulty encountered the continuous cultivation 
hydra the laboratory the occurrence the condition known 


DEPRESSION. 


This phenomenon, well known European investigators, has 
received almost attention from American had 
been seen many the early students hydra, beginning with 
Trembley, but was first adequately described Hertwig 
who also suggested the name depression, derived from supposedly 
similar phenomena Protozoa. Later Hertwig’s student Frisch- 
holz published extensive paper the matter and since 
that time several workers have considered the phenomenon. 

have observed depression numerous occasions various 
species hydra, particularly oligactis. The first symptom 
persistent slight contracted state column and tentacles. The 
tentacles then gradually disappear from the tips proximally. 
Meantime, column and tentacles continue shorten, presenting 
stout, stiff, contracted appearance. Soon the animal reduced 
short stout cylindrical body bearing short stumps tentacles. 
this stage earlier, the animal frequently ceases maintain 
erect position, often lying its side; the basal disk may lose 
its hold the substratum. depression continues, the tentacles 

1An example this furnished the recent paper Kepner and 
Jester Finding specimens the green hydra with shortened ten- 
tacles they ascribe this ingestion its own tentacles the animal. 
While this apparently does occasionally happen obvious from their 
description and figures that the majority these specimens with shortened 
tentacles well those with incomplete tentacles which they found 
nature are simply state depression. Depression and starvation are 
independent phenomena and the shortening the tentacles depression 
has relation starvation. The ejection cells and fragments from 
the mouth characteristic animals early stages depression. The 


finding nematocysts the entoderm proof that ingestion 
tentacles had occurred since depression the cells pass into the interior. 
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completely vanish and the greatly shortened column diminishes 
from its distal end towards the basal disk. length only small 
round ball, constituting the basal end the hydra, remains and 
this soon disintegrates. Hydra may recover spontaneously from 
early stages depression may induced recover altering 
environmental conditions; but recovery from advanced stages 
depression seems impossible. 

The first satisfactory account the histological changes occur- 
ring during depression that recently given Rehm 
cording Rehm, depression begins the entoderm cells which 
gradually become loose and pass into the gastrovascular cavity. 
The shortened swollen appearance tentacles and column de- 
pression due the accumulation within the cavity loose ento- 
derm cells which may also discharged from the mouth early 
stages. Later the mouth closes. After the entoderm has largely 
disintegrated, the dissolves and the ectoderm cells pass 
through the same changes did the entoderm. the changes 
question begin the distal end the animal and progress basi- 
petally. 

Various external and internal conditions have been assigned 
factors which induce the state depression. Principal among 
them are: long continued rich feeding (Frischholz, Rehm, 
extremes temperature (Goetsch, Grosz, Rehm, 
Frischholz) lack oxygen fouling the water 
Goetsch, Rehm, Grosz) transfer clear fresh water (Frischholz, 
Goetsch) infestation with protozoan symbionts (Grosz, ’25). 
Starvation, moderately low temperatures, and transfer properly 
prepared culture water delay the onset depression period and 
lengthen the intervals between depressions 

own observations the phenomenon depression are 
accord with those Temperatures over 20° 
C., long continued rich feeding, lack oxygen, accumulation 
metabolic products and dead daphnids the culture, and transfer 
fresh clean water are conditions that tend induce depression, 
often very rapidly. Lowered temperature, frequent removal 
organic debris, and small replacements the water with prepared 
culture water intervals are the chief methods delaying de- 


that not think protozoan symbionts cause depression. 
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pression, that is, increasing the period between depressions and 
assisting recovery from depression. spite all care, cul- 
tures long standing will undergo depression intervals. The 
best method that have found for bringing about recovery 
depressed specimens their transference culture which 
hydras are flourishing. The beneficial effect such transfer 
almost incredible. Elongation body and tentacles often evi- 
dent within hour. Depressed specimens that have refused 
feed for several days may accept food within fifteen minutes after 
being placed culture containing healthy hydras. Other less 
effective methods are aération and partial replacement the water 
with prepared culture water. 

opinion the primary cause depression general 
lowering the rate physiological processes, more briefly, 
escence primarily decrease rate dynamic processes con- 
ditioned the accumulation, differentiation and other associated 
changes the material the colloid substratum.” The principle 
indirect susceptibility (Child, according which animals 
low metabolic state are less able adjust slight adverse con- 
ditions than animals more active state, probably applies here. 
Depression ensues senescent animals when they are subjected 
slight unfavorable conditions such lack oxygen and accumu- 
lation waste materials. support this view are the facts 
that young animals (personal observations) and regenerated ani- 
mals (Goetsch, are less likely undergo depression that or- 
dinary large animals. Evidence that depressed hydras are really 
low metabolic state will presented later. 

The observations Trembley (1744, pp. 182-84), Welch and 
Loomis and Kepner and Jester leave little doubt that 
depression occurs state nature, probably consequence 
too high temperature. 

The relation between depression and the production abnor- 
malities discussed later. 


Ordinarily budding occurs definite level the column and 
this fact gives rise the impression that there exists fixed bud- 
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ding zone. Such idea is, however, erroneous, since under 
proper physiological conditions, buds may arise anywhere the 
column except within certain distance the and 
probably less distance the foot. The occurrence irregu- 
larly disposed buds non-sexual specimens was noted Trem- 
bley (1744), Laurent (1844), Hertwig and Grosz 
Study these cases indicates causes irregular budding senes- 
cence, depression, unusual elongation the column, and operative 
interference with the peristome. 

Adventitious budding occurs, however, most commonly male 
specimens which being fed enter upon period asexual re- 
production following testis formation. Such irregular budding 
male specimens was noted Trembley, Laurent, Hertwig, 
Krapfenbauer and Grosz (’25) and shall present numer- 
ous instances later (see Plates IV. VI.). 

Apart from its occurrence male specimens have observed 
among thousands hydras cultivated the laboratory but one 
case irregular budding, seen large oligactis. This animal 
(Fig. Plate I.), with column some mm. length, had six 
buds with possible distally there were four buds some- 
what normally arranged followed stalk-like differentiation 
the column below which was body region bearing two, possi- 
bly three, buds irregularly disposed, followed the regular stalk 
the specimen. Excessive length the column probably ac- 
counts for this case irregular budding. 

The essential feature irregular budding that the budding 
region spread over greater length the column than normal, 
particularly the direction the peristome. Further such bud- 
ding associated with low metabolic state, such senescence, 
sexual maturity, and depression, with excessively elongated 
column. These facts suggest that normally the budding zone oc- 
curs certain distance from the peristome (and probably also 
foot) because the peristome usually maintains certain metabolic 
level. Lowering this level permits buds form nearer the 
peristome and thus spread over greater length column. 
The same result may also brought about excessive elon- 


name peristome used designate the tentacle-bearing region 
Hydra. 
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gation the column without any lowering the metabolic con- 
dition the peristome. observations abnormal budding 
male specimens numerous cases were observed such dis- 
tance relationship between the peristome and the location buds. 
Figs. 50, Plate are typical examples. Fig. 
shown portion male hydra, separated transverse fission 
and lacking therefore foot, whose first bud was formed the 
extreme base. Six days later, the specimen was considerably 
elongated and had produced second bud markedly distal the 
first one (Fig. 49). Two days later, the very elongated animal 
(Fig. 50) was found with number irregularly disposed buds, 
the most distal which still about the same distance from the 
peristome was the single bud Fig. 48. Many similar cases 
were observed during the study the budding males. was 
also noted that buds may occur the extreme proximal end when 
foot lacking but not when foot present. These facts sug- 
gest that the location the budding zone normal hydras rep- 
resents balance between the inhibiting action peristome and 
basal disk bud formation. 

Brief mention may made here so-called colony formation 
hydra, due the retention buds far beyond the normal pe- 
riod time. (’09), Koch and Grosz (’25) ascribe 
colony formation such conditions senescence and depression 
and own observations concur with their opinions. Any low 
metabolic condition permits buds remain indefinitely upon the 
parent, because the extent control the parent peristome 
then diminished and the peristome the bud thus able gain 
control over the adjacent parent column and foot which uses 
its own. Such retained buds frequently grow out foot laterally 
the side away from their attachment the parent and may 
fasten the substratum such feet. Numerous cases such 
colonies with several retained buds and feet are illustrated 
Plates III. 

ABNORMALITIES. 


addition irregular budding and colony formation, abnor- 
malities hydra consist chiefly doubling multiplication 
tentacles, and apical and basal ends. Such abnormalities occur 
laboratory cultures and are also found nature. lowered 
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metabolic state appears the primary cause these abnormali- 
ties, excepting such may result from regeneration after injury. 
The origin the majority them sought recovery after 
depression. the start this recovery process, duplication 
multiplication tentacles, hypostome and peristome frequently 
occur, apparently because regeneration begins two more 
points instead the usual single point. several occasions 
have observed split tentacles and doubled and tripled peristomes 
with corresponding sets tentacles arising specimens recover- 
ing from depression. Figs. and illustrate two specimens 
the beginning regeneration after depression showing split ten- 
tacles. This relation depression abnormalities was previ- 
ously noted Koch Boecker Drzewina and Bohn 
and Grosz 

There also one other common mode origin duplicate 
apical regions. previously discussed, buds are likely re- 
tained depressed, senescent, sexual animals. Such retained 
buds may grow the same size the parent may move 
distally, either case eventually producing apparently double- 
headed hydra. The origin doubled heads from retained buds 
one the other method has been recorded Hase 
Koelitz Koch and Grosz and have observed 
cultures several times. Fig. illustrates bud, origin- 
ally located the usual budding zone, which moving distally 
fusion with the parent; Fig. shows the same specimen later, 
simulating double-headed hydra. Forked tentacles may also 
originate from fusion well from splitting process. 

The occasional occurrence nature hydras with double 
multiple apical basal structures other irregularities has been 
recorded many writers. During the past several years have 
collected annually ten twenty thousand individuals unde- 
scribed species hydra and fixed them within few hours after 
collection. Abnormal specimens have been found these collec- 
tions the ratio about one per thousand. Figs. 
trate all the abnormal individuals occurring among twenty thou- 
sand specimens taken the fall 1924. Figs. are cases 
doubled apical ends showing various degrees splitting (or 
fusion). already suggested such duplicities probably arise 
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either during recovery after depression from the retention 
bud. The smaller size one component Figs. and 
suggests the latter explanation these particular cases. Figs. 
are forms with doubled basal ends various stages split- 
ting (or possibly fusion). Such basal duplicities may arise 
recovery after depression (Koch, Boecker) probably more com- 
monly through the formation accessory foot near the middle 
process the apical direction would give rise cases like Figs. 
14, 17, 18, etc. The inequality the two components these 
cases strongly suggests the correctness this interpretation. Fig. 
undoubtedly case retained bud which has formed foot 
bud with parent. 


Longitudinal and transverse fission have been reported for 
hydra number observers: Parke Leiber 
Goetsch and Grosz (’25). Some them, particularly 
Koelitz, regard these processes normal modes reproduction 
while others consider them sequels abnormal conditions. 
With this latter viewpoint own observations concur. Most 
cases so-called longitudinal fission are simple basipetal splittings 
double-headed animals which have arisen through recovery after 
depression. have observed several such longitudinal fissions 
cultures. The splitting process was very slow requiring sev- 
eral days reach the basal disk. After having separated the 
basal disk, the animals remained this condition for long time 
without further change; eventually complete separation occurred. 
have also observed numerous cases transverse fission male 
which regularly break into smaller components 

transverse constrictions. 


Thus fission hydra not normal method asexual repro- 
duction but mode regulation previously existing abnormali- 
ties. From the literature appears also that fissions may 
initiated specimens low metabolic state which are not other- 
wise abnormal. 
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METABOLIC STATE. 


The following tests metabolic state hydra were carried out 
means the direct susceptibility method Child. This 
method has been reviewed many times papers from this lab- 
oratory that extended consideration its basis and application 
seems unnecessary here. Briefly the method consists determin- 
ing the time between exposure and death solution toxic sub- 
stances appropriate concentration. general this time 
roughly proportional the metabolic state the organism, ani- 
mals high state physiological activity dying faster than those 
lower state. The animals tested were placed watch 
glasses, usually some time before the test, that they might at- 
tach. Unattached animals exhibit inereased activity the pos- 
terior end, which should avoided possible. The killing agent 
consisted all cases potassium cyanide, made the same 
water that which the hydras were cultured, concentrations 
from 1/200 1/700 mol., depending the species. After the 
animals had attached, the water was gently removed and replaced 
with the cyanide solution. The watch glass was then covered 
with thin plate glass exclude air, and death observed 
under the microscope. Only the time elapsing between exposure 
and death the whole animal will considered here death 
differences along the axis were described previously (Child and 
Hyman, 

The previous observations Child and Hyman that meta- 
bolic rate determined this method greater the smaller the 
animal and increased contraction and feeding were confirmed. 
oligactis, however, very little difference susceptibility was 
found between animals different sizes except that mature buds 
and the smallest free specimens were more susceptible than all 
other sizes. The latter did not differ among themselves. Some 
attempt was made discover how long the metabolic increase 
due food ingestion lasted but without very definite result except 
that the increase continues after the prey has been ejected and 
seems persist for about two days. Since size, state nutrition, 
and state contraction affect susceptibility evident that these 
factors must eliminated equalized before comparisons the 
susceptibility method can regarded valid. 
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probable that many the observations 
the literature purporting deal with starved hydras really con- 
cern depression. The reason for this that starvation experi- 
ments hydras are usually isolated from the general cultures into 
dishes clear fresh water. Under such circumstances, hydras 
almost invariably undergo depression, condition frequently mis- 
taken consequence starvation, with which fact has 
nothing all todo. order starve hydras without subjecting 
them depression, essential isolate them water from the 
same culture which they have been living. They then starve 
while remaining normal. They gradually reduce size and be- 
come more slender and paler color. Small specimens reduce 
much more rapid rate than large specimens. 

the following experiments, number hydras certain 
size, that attained when budding begins, were isolated dish 
culture water. intervals during the starvation period, their 
susceptibility was compared with that fed controls. Fed con- 
trols were animals the size just specified, isolated the same 
manner from the same culture two days before the susceptibility 
test. Thus all “fed” controls have been starved two days and 
are the same size were the starved specimens the beginning 
the starvation period. All the data concern oligactis. 
The concentration cyanide used was 1/600 mol., concentration 
which the animals remain well expanded. these experi- 
ments, the animals were not attached. 

Four days starvation: starved specimens, dead, 240 365 
minutes, fed controls, 175 515 minutes. 

Six days starvation: starved specimens, 170 365 minutes, 
fed controls, 430 530 minutes. 

Seven days starvation: starved animals, 370 minutes, 
fed controls, 280 420 minutes. 

Eight days starvation: starved specimens, 290 minutes, 
fed controls, 335 430 minutes. 

Ten days starvation: starved specimens, 150 450 minutes, 
fed controls, 430 555 minutes. 

Eleven days starvation: starved animals, 225 minutes, 
fed controls, 390 540 minutes. 
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Fifteen days starved specimens, 300 minutes, 
fed controls, 315 405 minutes. 

Eighteen days starvation: starved animals, 390 minutes, 
fed controls, 230 435 minutes. 

These experiments indicate that starvation raises the metabolic 
rate hydra. The effect not very noticeable until after four 
days starvation. The difference between starved and fed ani- 
mals seems greatest moderate stages starvation, six 
eleven days, and diminish more prolonged starvation, fifteen 
eighteen days. was noticed that small specimens were very 
much more susceptible than large ones starved the same length 
time. 

earlier comparisons depressed and nor- 
mal specimens gave irregular results, the former being more re- 
sistant some cases, but not others. probable that 
many cases the control specimens were not properly comparable 
the depressed animals. fact somewhat difficult ob- 
tain proper controls for naturally occurring cases depression, 
because generally the entire culture undergoes depression simul- 
taneously. This entails the use control specimens from other 
cultures, questionable proceeding, since different cultures often 
differ physiologically. Further, depressed specimens not feed 
and the factor starvation probably enters into the result. 
was finally decided that conclusive experiments could secured 
only inducing depression artificially. already stated this 
can usually accomplished removing the specimens from the 
cultures and placing them fresh clean water. sometimes 
necessary change this water several times keep the animals 
state depression. The procedure then consisted isolat- 
ing number specimens certain size (size just before bud- 
ding) into finger bowl fresh clean well water, drawn directly 
from tap, and the same time isolating others the same size 
from the same culture into finger bowl culture water. The 
former undergo depression, the latter remain normal. Neither 
culture fed, both being thus the same stage starvation. 
intervals specimens were removed from both cultures and their 
susceptibility compared. The depressed specimens were mostly 
moderately advanced depression, with short stumps tentacles 
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none and with body contracted short cylindrical form. 
The concentration cyanide used was 1/600 mol.; this con- 
centration the control specimens were always well expanded while 
the depressed animals tended some degree contraction. 
some experiments fed controls (starved two days) were compared 
simultaneously with depressed animals controls. 
Typical results are: 

Two days depression and starvation: depressed, 375 510 
minutes, controls, 150 285 minutes. 

Four days depression and starvation: depressed, 415 540 
minutes, starved controls, 240 375 minutes, fed controls 
days starvation), 190 480 minutes. 

Four days depression and starvation: depressed (slight de- 
380 665 minutes, starved controls, 255 335 min- 
utes, fed controls, 175 515 minutes. 

Five days depression and starvation: depressed, 280 350 
minutes, starved controls, 165 425 minutes. 

Six days depression and starvation: depressed, 350 470 
minutes, starved controls, 170 365 minutes, fed controls, 
430 530 minutes. 

Seven days depression and starvation: depressed, 205 400 
minutes, starved controls, 370 minutes, fed controls, 
280 420 minutes. 

These experiments show that depressed specimens are generally 
lower metabolic state than normal control specimens which 
have been starved for the same length time. Occasional ex- 
ceptions are met. Depressed specimens are usually not less sus- 
ceptible cyanide than normal fed specimens (starved two days). 
thus appears that starvation factor which must taken into 
account. should further mentioned that depressed specimens 
are always state contraction which commonly increases 
when they are placed cyanide. This factor makes difficult 
gain true idea their metabolic state. Finally appeared 
the experiments that animals advanced depression were 
times not very much more resistant cyanide than the controls, 
fact, some individuals, less so. This seemed due the 
fact that advanced depression the apical end the specimens 


already state disintegration and falls pieces readily. 
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This may account for the fact, generally apparent the experi- 
ments, that the metabolic differences between depressed and normal 
animals were small distal levels and much more noticeable 
proximal levels. One seems justified concluding that depressed 
specimens are low metabolic state, which however cannot 
evaluated very accurately owing the interference such factors 
starvation, reduction size, contraction, and preéxisting disin- 
tegration, all factors which affect susceptibility but which cannot 
eliminated they are inherent the depressed condition. 

Regeneration following Depression—Depressed specimens 
may caused regenerate the water replaced culture 
water. For proper comparison, starved controls should used. 
One experiment was carried out oligactis, with KNC 1/600 
mol. follows: specimens, three days depression, seven days 
regeneration, death, 150 290 minutes; specimens, starved 
days, 150 450 minutes; fed controls, two days starvation, 430 
555 minutes. This experiment indicates that depressed speci- 
mens, which shown above, are low metabolic state, attain 
result regeneration, metabolic rate equal greater 
than that specimens the same state starvation, and much 
greater than that fed 

Sexual material was available, suscepti- 
bility tests were run sexual compared with non-sexual speci- 
mens. again difficult obtain proper controls 
decide what constitutes proper control. Sexual specimens 
not feed rule and are therefore generally state starva- 
tion, but usually impossible know precisely when they last 
fed. non-sexual controls are taken from the same culture 
the sexual specimens, one cannot sure that they may not 
the verge developing gonads. the other hand controls from 
other cultures are also open criticism. The data pre- 
sented were collected some time ago, the past few years, there 
has not been any available material; and they are probably not 
carefully controlled they should have been. many cases 
was necessary take specimens from different cultures and the 

worthy note that the nine regenerated specimens, eight 
budded, despite the fact that they were greatly reduced size, while only 


one the controls, starved'the same length time, produced bud. Loss 
control the peristome thus leads budding. 
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matter feeding was not considered all. Only specimens 
the same size were compared. some cases the species was not 
determined. The data available are follows: 

oligactis, KNC 1/400 mol.: females, death hours; 
asexual specimens same size from the same culture, 
hours. 

oligactis, KNC 1/400 mol.: females, hours; non- 
sexual same size from same culture, hours. 

Comparisons male and female specimens the same size 
but not always from the same culture, KNC 1/200 mol., species 
not determined: male, 115 minutes, female 340 minutes; male 70, 
female 340; male 170, female 365; two males and 125 minutes, 
female 125 plus; males minutes, female, over 125; male 1/2 
hours, female, over hours males 345 and 500 minutes, female, 
over hours; asexual specimen minutes, males and 
minutes, female 155 minutes. 

These figures indicate that sexual specimens are lower 
metabolic state than non-sexual individuals and that females are 
decidedly lower than males. Contrary what one might expect, 
the gonads are the most resistant part sexual specimens, the 
ovaries being much more resistant than the testes. Unfortunately 
almost data were collected male specimens compared with 
asexual individuals. 

The evidence presented this part the paper clearly indicates 
that the metabolic state Hydra subject wide variation and 
that such variation definitely correlated with such conditions 
age, depression, sexual maturity, and inanition. Metabolic rate 
may causal factor the induction least some these 
conditions. 

Maturity. 


Sexual maturity hydras seems depend part internal 
conditions and part external factors, such temperature. 
The formation gonads has been induced change tem- 
perature several Hertwig Krapfenbauer 
Frischholz Koch (’11), Whitney Uspenskaja 
and Grosz But since certain percentage the 
animals remain sterile under the altered condition must as- 
sumed that some other factor besides temperature involved 
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bringing about sexual maturity. Nussbaum’s claim that starva- 
tion induces males and rich feeding females has not 
been verified and probably erroneous. other observers agree 
that male and female gonads are induced the same external 
conditions, not opposite ones. 

have confirmed the result several investigators that lower- 
ing temperature causes the development gonads oligac- 
tis. January 17, 1927, subculture from main culture 
oligactis that had been maintained the laboratory for several 
months without any signs sexual development was placed 
the refrigerator (11-13° C.). February number 
specimens were observed developing testes. Still 
depression the temperature (to C.) did not increase the 
number male specimens. The culture contained about 400 
hydras, which about developed testes. March another 
subculture was placed the refrigerator and March 22, signs 
testis formation were noted several specimens; March 
28, individuals this culture, possessed testes. Through- 
out the period occupied these experiments 
thereafter the main culture and other subcultures kept continu- 
ously room temperature did not show any trace gonads. The 
experimental cultures were fed frequent intervals while the 
refrigerator. return room temperature, the induced gonads 
disappeared rapidly. 

the other hand, can confirm the statements Grosz (’25) 
that hydras may become sexually mature while under laboratory 
conditions without any apparent change temperature. This has 
occurred cultures several different occasions. Thus 
April, 1919, culture oligactis which had been the labora- 
tory for some time developed gonads without any apparent cause 
all were females. May, 1921, cultures were started from 
few specimens oligactis; males soon appeared these cul- 
tures although the species not sexually mature nature until 
fall. During July, there were many males all the subcul- 
tures this line, many cultures containing per cent. more 
male specimens. Males continued present abundantly 
these cultures for many months. During absence from Chi- 
cago from April July, 1922, most the animals died, but 
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return some were found two jars. These were used 
the basis new cultures, which flourished and which males 
again appeared September, 1922, continuing throughout Oc- 
tober, when the culture was abandoned. Another culture 
oligactis, consisting females, had similar history. This cul- 
ture started from single specimen, collected July, 1921. 
July 11, one female was noted the culture. Females continued 
appear small numbers throughout July, August, and 
September, 1921, and again March, 1922. After return 
July, 1922, the cultures were restarted and females again appeared 
them during September and October. 

Contrariwise, cultures may maintained for long periods 
time the laboratory and continue completely asexual. Thus for 
the last four years, 1923 1927, although cultures hydra have 
been hand almost continuously, not single sexual specimen 
has appeared them. Since many these cultures were started 
from few specimens and were continued subculturing for 
many months, certain that the animals were sufficient age. 
already noted, the formation gonads can induced 
certain percentage specimens such cultures subjection 
low temperature (P. oligactis). 

apparently widely believed zodlogists and current 
elementary textbooks that hydra hermaphroditic. now 
known, however, that certain species, oligactis, are strictly 
dicecious. the dicecious species, asexually produced offspring 
are the same sex their parents, originally determined 
Frischholz and since verified others. Nussbaum 
and Goetsch claim have observed change sex hydra 
within clone but their results are generally considered doubtful. 

Most the observations sexual reproduction hydra the 
literature were made mass cultures. seemed that 
would interest determine the history individual sexual 
specimens. With this mind several males and females were 
isolated, fed, and observed daily. The remainder the paper 
will devoted their history. 
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History FEMALES. 


October, 1925, several sexual specimens were brought 
with collection hydras made the lagoon Jackson Park, 
Chicago. November 18, four females were isolated from 
this culture into finger bowl. They underwent depression and 
only one recovered. November second female was added 
from the general culture and December 22, third. The fe- 
male culture therefore came from these three females, all which 
belonged the species oligactis. 

The three females were fed daily hand crushed Daphnia 
Cyclops. Sexual specimens are frequently unable capture 
prey, according Goetsch because they lack sufficient 
nematocysts. cannot agree with this opinion since sexual ani- 
mals when healthy condition can capture and swallow small 
daphnids without difficulty. Depression probably the cause 
the usual failure sexual animals feed. 

The females soon began bud normal fashion and the 
normal location. December 22, the culture contained speci- 
mens, December 26, 14, and the 29th, animals. The origi- 
nal three females while continuing bud had retained their gonads 
during this budding period. The buds given off were first 
asexual but January 1926, all the specimens the culture 
were seen developing ovaries. this time they were able 
catch daphnids themselves. January all members 
the culture bore ovaries and had ceased bud. Many eggs, un- 
fertilized course, were shed and could seen lying the bot- 
tom. The animals were longer successful catching prey 
and about January 16, hand feeding was resumed. Budding began 
and the young, soon after becoming free, developed ovaries. 
slight depression set about the middle February, but recov- 
ery occurred almost once transferring the animals bowl 


which hydras had been flourishing. The ovaries began dis- 
appear and February 27, were practically gone; budding was 
abundant. March rapid budding was progress and the 
gonads had vanished. animals continued bud until the Ist 
April, when for unknown causes, all the sexual cultures were 


found state advanced depression. The usual procedures 
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were followed and April some recovery was but 
April depression again set and all the females died. 

Throughout their entire history the females were kept labora- 
tory temperature. The general cultures started from asexual 
specimens obtained from nature the same collection the 
original three females had not produced single sexual specimen 
the period question. 

These observations show: (1) that female hydras when fed bud 
the usual (2) that females may bud while still retain- 
ing the gonads; (3) that females may lose their gonads and be- 
come completely asexual; (4) that specimens which have been 
recently female and also the asexual offspring females tend 
develop ovaries relatively short time; (5) that the asexually 
produced offspring female oligactis are the same sex 
their parents. 

History MALEs. 


The history the males was very much more interesting than 
that the females. The behavior budding males completely 
surprised but found search through the literature that 
certain aspects had been seen previously several observers, 
although none them has furnished detailed account the 
phenomenon. Trembley and Laurent noted that males bud ir- 
regularly; Hertwig denied the correctness their obser- 
vations but stated that budding males possess two budding zones 
instead the usual one. observations not agree with 
Hertwig’s statement. Krapfenbauer (’08) described and figured 
the adventitious budding male specimens (one his figures 
reproduced Schulze, and Grosz (’25) again mentions the 
phenomenon. None these observers, however, appears have 
followed out the eventual fate these curious specimens. All 
observers except Laurent agree that the buds arise from the column 
the animal, not from the testes, and with this statement own 
observations accord. 

The male specimens were isolated November 18, 1925, from 
the same culture were the females. This culture collected 
October contained limited number sexual specimens which 
far could ascertained bore gonads when collected. 
additional individuals became sexual the laboratory. Seven 
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males were isolated which underwent depression; four recovered. 
These were fed daily crushed Cyclops but times they and 
their offspring were able catch and ingest small daphnids with- 
out assistance. The males all times were noticeably slow and 
sluggish behavior and prone undergo slight depression, 
which condition they would not accept food. During the entire 
period over which they were cultivated (about eighteen months), 
the original individuals and their offspring continued bear testes, 
except for one brief interval. The buds male specimens 
most cases bear gonads before they separate from the parents and 
develop additional testes soon after becoming free. many 
cases, testes seemed migrate from the parent column onto the 
bud has been reported but most the testes present 
buds undoubtedly develop situ. 

The species the four males cannot stated definitely since 
when the experiment was begun was supposed that all were 
Later examination offspring showed that some 
were oligactis and some were Hydra stellata, but not know 
which the four belonged which species. each behaved 
somewhat differently, the history each will presented separ- 
ately. 

History Male December 12, this male was found with 
two buds, irregularly located shown Fig. 25. December 
22, three buds were present, and December 29, had given off 
two these and developed two more the same locations (Fig. 
26). The middle region this male had stalk-like appearance, 
indicated Fig. and there was evidence that basal disk 
was differentiating this region. January 1926, the speci- 
men appeared Fig. was attached basal disk the 
stalk-like region already mentioned and the old basal disk, 
Fig. 27, was being absorbed. The bud marked Fig. had 
become persistent and had gained control over the basal part 
the animal. January the specimen was very much larger, 
had number buds, Fig. 28, and was attached two basal 
disks, the new and the old one, and f’, Fig. 28. The old bud 
was still persistent. Both the original animal and had normally 
located budding zones. January the animal divided two 
transverse constriction, Fig. 28. This constriction oc- 
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curred just below the budding zone the larger component; this 
commonly the place where such constrictions develop. The male 
was thus divided into two parts which will designated here- 
after and /B, the former being the old animal. The fate 
will followed first. was left without foot stalk 
the constriction. January appeared Fig. 29, hav- 
ing three buds its base, where buds are usually formed such 
stalkness specimens. Later gave off two buds and the remain- 
ing bud oriented itself give the appearance biaxial 
animal (Fig. 30). January 11, another bud appeared the 
base the two buds arranged themselves right angles 
the parent column Fig. two buds now separated 
together constriction the level Fig. 31, and were desig- 
nated /D, the old part retaining the name subsequently 
developed foot and stalk, became approximately normal, and was 
not followed further. remained for some time ap- 
parently biaxial Hydra, heads oriented opposite directions 
Fig. 31. Later, January 18, the heads swung around 
approximately parallel, Fig. 32. The gastrovascular cavities 
the two components were perfectly continuous; the specimen pos- 
sessed foot, lying free the bottom. Later foot developed 
the bend and both specimens budded repeatedly. February 
Fig. 33, double-headed bud, which subsequently became free, 
was noted one the components. February JD, now 
very large, had the appearance shown Fig. 34. Each the 
components had definite budding zone the normal level and 
bud each had developed foot situ Such produc- 
tion basal disks persistent buds was very common these 
male specimens such feet may may not fastened the sub- 
stratum. February 10, the specimen divided transverse 
constriction the level Fig. 34. will noted that the plane 
constriction again passed just below the budding zone the 
larger component. The two parts resulting from this fission were 
designated and /D2 and are shown Fig. and 36, respec- 
tively. was left without any stalk basal disk, while 
bore the portion which formerly connected the two specimens. 
lost the buds had the time separation, Fig. 35, but de- 
veloped new bud, Fig. 37, February 16, its base usual 
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stalkless specimens. will noted that this bud again was 
double-headed. This bud was given off and other buds were 
formed the same place and became free. February 23, the 
specimen still had basal disk, appearing Fig. 48. The 
animal then began increase greatly length. The bud shown 
Fig. became persistent, Fig. 49, March and the next bud 
appeared proximal it. The specimen continued increase 
greatly length and March was found with number 
irregularly disposed buds, Fig. 50. Attention has already been 
called this specimen example the more distal location 
buds with increasing length column. 

Returning now /D2, Fig. 36, find presenting compli- 
cated appearance February 16, Fig. 38. February 18, 
divided transverse constriction the level Fig. 38, into 
two components, larger one, still called and smaller one, 
sisted two buds which were continuous, similar the form 
shown Figs. and 33. February 27, appeared 
Fig. 40, each component having budded. then divided 
transverse constriction, Fig. 40, the fission again occurring 
just below the budding zone the larger component. The larger 
component, Fig. 42, remained this state for some time, but 
eventually again split transverse constrictions between the 
bases the components. The smaller part resulting from the 
fission shown Fig. 40, later appeared Fig. 41, but regulated 
normal absorption the long stalk region. The main part 
separated the constriction shown Fig. 38, appeared 
later, February 23, Fig. 43, having produced additional ad- 
ventitious buds and having almost absorbed the basal process which 
retained from the division shown Fig. 34. February 24, 
this specimen split two simultaneous 
Fig. 43, into three parts; called and from 
left right Fig. 43. shown Fig. 44, consisted two 
buds connected their bases narrow stalk, which subsequently 
parted. The history shown Figs. 45, 46, and 47. 
Fig. 47, had become nearly normal, but had given rise 
double-headed bud. 

The appearance double-headed buds several different times 
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the offspring male was very interesting. The further 
history such buds was followed and much the same for all 
them. Fig. shows the doubled bud Fig. appeared 
February 16, over two weeks after its separation from the 
parent. Each component had budded. The same specimen 
shown Fig. 52, February 23. had additional buds, two 
which had developed feet situ. This specimen underwent 
the usual fate; divided transverse fission the level Fig. 
52, into two components, the larger which illustrated Fig. 
53, appeared February 25. February 27, Fig. 54, 
was larger and with additional buds, one which was very 
near the basal disk. March another transverse constriction 
occurred, Fig. 54, such way cut the specimen 
into three parts. The subsequent history the basal region, the 
part below Fig. 54, given Figs. 55, and 57. had 
given off the bud which possessed, Fig. 54, and was left with 
two feet, Fig. 55. regenerated hydranth the free end 
and another proximal constriction, Fig. 56. further de- 
velopment the two heads shown Fig. specimen 
then divided constriction Fig. 57, into normal small 
Hydra and larger one bearing process the side the 
this process was subsequently absorbed and the specimen 
normal. Figs. show the history the double- 
headed bud Fig. 37. Fig. 65, one component had budded; 
Fig. 66, both components have buds; and Fig. 67, additional 
buds have appeared, some with feet situ. will noted that 
one these buds again double-headed. 

Returning male separated from male the constriction 
shown Fig. 28, find January 1926, presenting the 
appearance given Fig. 58. January appeared 
Fig. and this day divided constriction, Fig. 59, 
into two parts, and shown Figs. and 61, respectively. 
IE, which retained the basal process, appeared January 
Fig. 62; January constricted off the basal process, 
Fig. The further history this basal process shown 
Figs. and 64. After this occurrence regulated nor- 
mal appearance. The further history was not followed. 

History This male continued elongate for several 
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weeks without other change. Finally January 1926, was 
found with two buds, irregularly placed, Fig. 68. January 
had four buds, Fig. 69, but January 11, had lost three 
these. Buds continued appear irregularly this animal 
and given off, but January 19, Fig. 70, the largest bud 
present that time became persistent and developed foot situ, 
Fig. January 27, another bud had produced foot 
situ, Fig. 71, and these two buds persisted for some 
shows male February with these two persistent buds, 
each with foot. Finally, the more distal the two buds was 
given off, but additional buds appeared the same location, Feb- 
ruary February 16, Fig. 74, only the original persistent 
bud remained. The animal meantime was elongating greatly. 
February 19, formed additional foot, f’, Fig. 75, its 
column. then began bud again and March appeared 
Fig. 76, still retaining the persistent bud, which had itself 
budded, and having addition four buds irregularly arranged. 
was now much elongated. March constricted two 
the level Fig. 76, just below the accessory foot. The two 
divisions, and are shown Figs. and respectively. 
ITA produced many buds, Fig. 78, March 25, and became large and 
complicated, Fig. 79, March 29, which time had several feet, 
Fig. other protuberances Fig. are young buds. 
Two the feet were close together and showed tendency 
adhere each other. March 31, Fig. 80, the specimen was 
still more complex with several buds and feet. was lost the 
general depression which occurred April 1926. The history 
male //B given Figs. the division shown 
Fig. 76, this specimen was left with portion the original 
column, Fig. developed foot its anterior end, the 
specimen then appearing with two feet Figs. and 83. 
March 29, Fig. 84, the specimen had nearly absorbed one foot 
and was approximately normal. 

History Male III behaved somewhat differently 
from the two proceding specimens. continued grow and 
elongate for nearly three months without giving rise any buds. 
January formed accessory foot near the middle the 
column, Fig. 85; and January divided two just proxi- 
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mal this foot, Fig. 85. The two divisions, and 
are shown Figs. and 88, respectively. absorbed the 
basal process and soon became approximately normal, Fig. 87, 
January 18. behaved unexpected manner, but one 
which was found typical for pieces this character. 
was naturally expected that would regenerate head its apical 
end. But this apparently never happens pieces this kind. 
Instead formed basal disk the apical end and thus appeared 
elongated piece with foot each end, Fig. 88. Janu- 
ary 13, had formed additional foot near its middle, thus hav- 
ing three feet, Fig. 89, all which were fastened the 
this date, also, small bud had appeared, Fig. 
This bud was fed with some difficulty very tiny specimens 
Cyclops. began grow rapidly and January 21, ap- 
peared Fig. using its three feet tripod fashion. Feb- 
ruary was similar appearance, Fig. 92, and February 
24, Fig. 93, the feet appeared process absorption. 
March Fig. 94, was very much larger and still possessed three 
feet which was fastened. The specimen now burst into buds, 
speak, being found March with seven buds, Fig. 95, 
very irregularly arranged, most them borne the three basal 
regions. March the specimen divided two the level 
Fig. 95. The distal part later absorbed its basal processes and 
became normal. The proximal part could not recognized 
later. 

History Male animal behaved fashion similar 
male increased greatly length for many weeks with- 
out budding. Finally January 18, developed acessory foot 
the column and January 28, another foot distal this one. 
Fig. shows appeared January with three feet. 
February divided two below the middle foot, Fig. 
96, the two parts and being shown Figs. and 98, 
respectively. The male left with two feet, finally produced 
bud, February 27, opposite the distal foot, Fig. 99, but this was 
given off and further buds appeared. March 12, third 
foot was formed distal the other two, Fig. 100, and March 
17, the animal divided two below the distal foot, Fig. 100, 
into two parts, and Figs. 101 and 102, respectively. 
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The further history given Figs. 103 107. 
budded and also showed great tendency produce additional 
feet. Thus Figs. 105 and 106 has four feet close prox- 
imity and tending adhere each other. finally absorbed the 
long basal region and March 31, Fig. 107, was nearly normal. 

may now follow the history Fig. 98, and 
Fig. Both these were basal pieces cut off division and 
both behaved alike and the same manner did the similar 
piece Fig. 88. Each regenerated foot the distal end, 
Fig. 111, and Fig. 108, already had two 
feet the time division, Fig. 100, was now provided with 
three feet, Fig. 108, one each end and one near the 
bud grew out Fig. 109, March 29, and the specimen appeared 
March small Hydra provided with two feet, Fig. 
IVB formed foot the distal end, Fig. 112 and then gave rise 
two additional feet, Fig. bud grew out from the central 
portion, Fig. 114, February 23. This was provided with three 
feet, the fourth having apparently been absorbed. The specimen 
was small that did not succeed feeding it. 

April already noted, both the male and female cultures 
were found state advanced depression and could not 
restored. Fortunately, however, the fate the male specimens 
had been followed sufficiently give one idea their general 
behavior. There remained the offspring the males which had 
been removed fast they became free and placed separate 
dish. This culture, consisting offspring the males, escaped 
the depression noted and was continued for nearly year. 
first all the specimens bore testes and continued bear them 
until March, 1926, when the testes disappeared. Towards the 
end April testes again developed all the specimens this 
culture and continued present without intermission until 
March, 1927, when the culture was discontinued. Some the 
offspring this male culture had, however, inadvertently been 
transferred into culture oligactis. July, 1926, these 
were wholly asexual but August testes appeared all them 
and continued present long the culture was observed 
(until March, 1927). 

the chief subculture the male line, formed from the buds 
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the original four males, the same curious behavior that charac- 
terized the parent specimens was repeatedly observed. Irregular 
budding, formation complicated colonies,” persistence buds, 
formation accessory feet, and occurrence transverse constric- 
tions were prevalent this subculture for many weeks. Finally, 
however, nearly all the specimens became normal. This seemed 
due primarily reduction size. The animals after 
April, 1926, remained small size and budded normally, but one 
two specimens exhibiting the behavior described above, could 
always found the culture. 

seems superfluous figure and describe any more cases the 
irregular behavior male specimens, they were similar those 
already noted. unusually curious specimen unknown origin 
may worth mentioning, Fig. 115. probably represents 
after recovery from depression, shown its doubled 
tentacles. Figs. and 117 illustrate further changes this 
specimen, which unfortunately was lost the general depression 
April Figs. 118 and 119 furnish another illustration 
distance relation between peristome and buds. This speci- 
men, separated transverse constriction from /D4, Fig. 44, 
formed its first bud the extreme base, common footless 
animals, its second bud considerably distal the first. Six days 
later, the specimen, considerably elongated, had lost the more 
distal bud Fig. 118, but had formed new bud, markedly distal 
the two preceding ones, Fig. 119. Numerous cases this kind 
were observed. 

From consideration all these observations male speci- 
mens certain general statements appear justified. hydras 
when richly fed tend elongate greatly and sooner later bud 
give rise accessory feet. The buds such elongated males are 
always irregularly arranged and may appear any point over 
considerable length column. They are always, however, 
some distance from the main peristome. Many the buds 
such males are set free the usual manner but some, particularly 
those farthest away from the main peristome, tend become 
persistent. Buds, particularly persistent ones, frequently produce 
feet situ the side opposite their point attachment the 
parent. Continued budding the main individual and its per- 
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sistent bud buds results complex colony-like form. These 
colonies always break sooner later one more trans- 
verse constrictions which commonly pass just proximal the 
budding zone the main component. The main component 
thus left without any foot stalk and may remain this state for 
some time, budding repeatedly and again dividing transverse 
fission. may also grow foot and stalk and become normal. 
When transverse fission occurs the smaller component the 
colony usually left with piece column; this may cut off, 
whereupon regenerates small hydra, may absorbed. 
cases where elongated males not bud but develop accessory 
feet, transverse division eventually occurs, always just proximal 
one the feet. The distal portion commonly again develops 
accessory feet and divides proximal foot may regulate 
normal absorption the feet. The basal region cut off below 
foot does not regenerate hydranth its anterior end any 
one several cases observed but always forms foot the distal 
end, and may develop accessory feet along its length. Such pieces 
then bud somewhere between the two ends; the bud fed grows 
right angles the long axis the piece, using all the feet 
its base, tripod style. Such specimens may regulate nor- 
mal absorption feet may bud and divide transverse 
constrictions. Stalkless specimens resulting from transverse fis- 
sion always bud first their extreme basal ends; but they in- 
crease length consequent upon feeding, the buds appear more 
and more distal levels. 

All the observations plainly indicate that each peristome con- 
trols certain length column and that budding does not occur 
within the limit control. They also indicate that the amount 
control less these male specimens than normal animals. 
Each persistent bud appears control certain length the ad- 
jacent parent column, whose polarity thereby reversed, shown 
the fact that when transverse fission occurs, this portion the 
column may become the basal region the bud question. Each 
foot also appears prevent the occurrence bud within cer- 
tain, rather short, distance, for buds frequently form the ex- 
treme basal end footless specimens while they never when 
foot present. 
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The remarkable behavior male specimens probably depend- 
ent two factors—their low metabolic state and their tendency 
elongate when fed. was presented earlier the 
paper that sexual specimens have lower metabolic rate than com- 
parable non-sexual animals. This further evidenced their 
general sluggishness and slow reaction time stimuli. low 
metabolic condition the control exercised each peristome 
diminished. Moreover, these animals are generally much elon- 
gated, considerable portion the column will not under con- 
trol any peristome and thus may bud any point. Accessory 
feet also tend appear portions the column not controlled 
peristome. This matter length seems the more im- 
portant the two factors, since male specimens which remain 
small size usually bud normally. Further females bud normally 
(although their metabolic rate lower than that males) ap- 
parently because they not elongate when fed, far ob- 
served. 

Finally may pointed out that the asexually produced offspring 
male oligactis and stellata are also male and tend form 
testes either before they separate from the parents shortly after. 
Males specimens may become entirely asexual for short periods 
but display marked tendency develop gonads again short 
time. During all the time that the descendants the males 
remained sexual, bearing numerous testes, not single gonad ap- 
peared the cultures started from asexual individuals obtained 
the same collection with the sexual animals. appears that 
when hydras have once developed sex organs they tend remain 
the sexual state for long periods time. 


SUMMARY. 


Directions for the cultivation hydra are given. 

The phenomenon depression, which there shorten- 
ing and gradual loss tentacles and column from the distal end 
proximally, common occurrence hydras and probably rep- 
resents lowered metabolic state. induced rich feeding, 
high temperature, sensescence, fouling the culture water, lack 
oxygen, transfer clean fresh water. Recovery may spon- 
taneous may induced. 


LIBBIE HYMAN. 


Irregular adventitious budding tends occur senescent, 
extremely elongated, depressed, and sexual specimens, that is, 
specimens low metabolic state. Under such conditions buds 
may retained the parent far beyond the normal time, giving 
rise so-called colonies. 

Abnormalities, such forked tentacles and forked distal 
and basal ends arise chiefly recovery after depression. Forked 
distal structures may also arise retention bud. 

Longitudinal and transverse fission are probably not normal 
modes reproduction hydra but are methods regulation 
previously existing abnormalities occur specimens low 
metabolic state. 

Tests the susceptibility method have shown 

(a) Starvation beyond four days increases the metabolic rate. 

(b) Depressed animals have lower metabolic rate than con- 
trols starved the same length time. 

(c) Animals recovered from depression have equal higher 
metabolic rate than controls starved the same length time. 

(d) The metabolic rate sexually mature animals lower 
than that asexual controls and that females lower than that 
males. 

The formation sex organs can induced Pelmatohydra 
about three weeks lowering the temperature about 
ten degrees. 

dicecious species hydra, the sex asexually produced 
offspring the same that the parent. 

Hydras may become sexually mature the laboratory with- 
out any apparent cause. Such sexual animals and their asexual 
offspring tend remain and become sexual. 

10. Sexual specimens when fed bud while still retaining the 
gonads. 

11. Sexual specimens when fed may lose their gonads for short 
periods but tend develop them again also their asexually 
produced offspring. 

12. Females when fed remain normal size and bud normally. 

13. Males when fed tend elongate greatly and thereupon 
produce buds irregularly and adventitiously over considerable 
length column. 
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14. The buds such male specimens tend retained in- 
definitely forming complex colony-like specimens. 

15. Such retained buds commonly develop foot situ with 
which they may fastened the substratum. 

16. Colonies formed this manner split eventually one 
more transverse constrictions which pass just proximal the 
budding zone the main component any between the bases 
the components when they are equal. 

17. Male specimens when fed may not bud but instead may give 
rise accessory feet one more points along the column; such 
tend divide transverse fission just proximal one the feet. 
The proximal piece formed such fission regenerates foot, not 
hydranth, its distal end; then buds near its middle and the 
bud fed grows right angles the axis the piece using 
the two more feet base. 

19. Reversals polarity due the control parts the parent 
column buds were frequently observed. 

20. All the facts indicate that each peristome controls cer- 
tain length column and prevents the formation bud within 
the limits that control. The control diminished senescent, 
depressed, and sexual specimens. foot also controls short 
length column and prevents the formation bud within that 
distance. 
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Abnormally elongated specimen Pelmatohydra oligactis, show- 
ing irregular budding; tentacles the main hydranth omitted. 

Fics. Abnormal specimens found nature, showing duplicature 
the apical end and various stages apparent longitudinal splitting. 

Fic. 12. Abnormal specimen found nature with basal end. 
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II. 


Fics. 18. Abnormal specimens found nature showing doubled 
basal ends, which appear process splitting the apical direction. 

Fic. 19. Specimen found nature with retained bud, having also 
foot its own. 

Fic. 20. Specimen found nature, probably resulting from the partial 
fusion bud with the parent. 

Fic. 21. Laboratory specimen oligactis which due slight 
depression, the bud originally the normal budding zone, moving 
apically fusion with the parent. 

Fic. 22. The same specimen Fig. later time, the bud having 
become equal size the parent, simulating double-headed Hydra. 

Fics. AND 24. Specimens the start recovery from depression, 
showing split tentacles. 
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III. 


Fic. 25. Male December 12, 1925. 

Fic. 26. Male December 29, showing three buds; bud which 
later became persistent; region where foot was developing. 

Fic. 27. Male January 1926, showing persistence the bud 
the old foot, f’, new foot formed the point marked Fig. 26. 

Fic. 28. Male January the persistent bud, the old foot, f’, the 
new foot, the level which transverse fission occurred, January 

Fic. 29. Male JA, distal product the fission Fig. 28, January 

Fic. 30. Male JA, January with one bud, oriented opposite the 
parent. 

Fic. 31. Male JA, January 11, with two buds its base. the plane 
transverse fission, January 11. 

Fic. 32. Male January 18, formed from the two buds cut off 
Fig. 31. 

Fic. 33. Male February one component with double bud. 

Fic. 34. Male February with four buds, two which have 

Fic. 35. Male right hand product the fission shown Fig. 34. 

Fic. 36. Male left hand product the fission shown Fig. 34. 

Fic. February 16, with doubled bud its base. 

Fic. 38. Male February 16, with three buds, each with foot 
situ. plane transverse fission, February 18. 

Fic. 39. Male right hand component Fig. 38, February 23. 

Fic. 40. Male February 27, with several buds. plane trans- 
verse fission. 

Fic. hand part Fig. after the fission. 

Fic. 42. Left hand part Fig. after the fission. 

Fic. 43. Main part male formed the fission shown Fig. 
38, appeared February 23. planes the two transverse constric- 
tions which occurred February 24. 

Fic. 44. Male /D4, the left hand part cut off the fission shown 
Fig. 43. 

Fics. 46. Further history male middle part cut off 
the fission shown Fig. 43. 
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IV. 


Fic. Male later, nearly normal but with double-headed bud. 

Fic. 48. Male /D1, continued from Fig. 37, appeared February 
23, still without stalk. 

Fic. 49. Male March with the bud Fig. persistent, and 
new bud formed considerably it. 

Fic. 50. Male /D1, March very elongated and with many buds, still 
more distally located. 

Fics. AND 52, further history the double-headed bud given off from 
the specimen shown Fig. 33, appeared February and February 
23, respectively. Fig. 52, plane fission. 

Fic. 53. Right part the fission Fig. 52, February 25. 

Fic. 54. Same Fig. 53, February 27. plane fission, dividing 
specimen into three parts. 

Fics. 55, 56, AND History the basal piece, having two feet, 
separated off the fission Fig. 54. 

Fic. 58. Male /B, left part the fission shown Fig. 28, appeared 
January 1926. 

Fic. 59. Male /B, January level fission. 

Fic. right part from the fission Fig. 59. 

Fic. Male left part from the fission Fig. 59. 

Fic. 62. January 16. plane dividing the basal process off 
January 18. 

Fics. AND 64. Fate the basal process separated off Fig. 61. 

Fics. 67. History the double-headed bud given off from the 
specimen shown Fig. 37. 

Fic. 68. Male January 1926, with two buds, irregularly placed. 

Fic. 69. Male January 11, with additional buds. 
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Fic. 70. Male January 19, the lowermost bud persistent and with 
foot, 

Fic. Male January 27. 

Fic. 72. Male February with two buds, each with foot. 

Fic. 74. Male February 16, with the same persistent bud. 

Fic. 75. Male February 19, much elongated, with the same persistent 
bud and with new foot 

Fic. 76. Male March same bud still persistent, and with additional 
buds. plane the fission March 

Fic. Male distal part resulting from the fission Fig. 76. 

Fic. 78. Male March 25, with several buds. 

Fic. 79. Male March 29, with several buds and feet, 

Fic. Male March 31, with many buds and feet; lost depres- 
sion. 
Fic. 81. Male proximal part from the fission Fig. 76. the 
part the old column left the fission. 

Fics. 84. Further history The process Fig. has 
formed foot its tip, that the specimen has two feet, both which 
are functional. Fic. 83. absorption the basal region, the specimen 
became nearly normal, Fig. 84. 

Fic. 85. Male January with accessory foot, near the middle 
the column. plane transverse fission, January 

Fic. 86. Male distal part from the fission Fig. 85. 

Fic. Male January 18, nearly normal. 

Fic. 88. Male proximal part from the fission Fig. 8s. 

Fic. 89. January 13, with foot each end and one near the 

Fic. 90. January 18. shorter and the bud larger. 

Fic. 91. January 21, the bud larger and using the three feet 
its basal region. 

Fic. 92. February 
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Fic. 93. February 24, still with three feet. 

Fic. 94. March much elongated. 

Fic. 95. JIIB, March with many buds. plane fission March 

Fic. 96. Male JV, January 28, with two accessory feet, plane 
fission, February 

Fic. 97. Male distal part from the fission Fig. 96. 

Fic. 98. Male proximal part from the fission Fig. 96. 

Fic. 99. Male February 27, still with two feet and having formed 
bud. 

Fic. 100. Male March 12, with third foot. fission plane 
March 17. 

Fic. Male distal part from the fission Fig. 100. 

Fic. 102. Male proximal part from the fission Fig. 100. 

Fics. 103 107. Further history formed additional feet 
and budded, but finally absorption, became nearly normal, Fig. 107, 
March 31. 

Fics. 108 110. Further history male (Fig. 102). had three 
the bud formed Fig. 109, used these feet base, Fig. 110. 

Fics. 111 114. Further history JVB (Fig. 98). developed ac- 
cessory feet, making four all, Fig. 113, and bud grew out from the 
middle the specimen, which used these feet base, Fig. 114. 

Fics. 115 peculiar specimen found the male culture, show- 
ing regulatory changes it. 

Fic. Specimen without stalk resulting from transverse fission 
Fig. 44. The specimen has formed two buds, one the extreme 
base, the next more distal. 

Fic. 119. The same specimen Fig. 118, six days later, showing another 
bud formed still more distal the preceding two. foot has also formed 
the proximal end. 
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